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| Contriv'd after a moſt comprehenſive METHOD: 


Dr. Wallis's Account of Logarithms, Dr. Hal- 


A TAB IL E of Logarithms of the Numbers from 1 to 
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CONTAINING, 


leys and Mr. Sharp's Ways of conſtructing 
them; with Dr. MVewton's contraction of 


Brigg: s Logarithms, 
1 


I01000, with the means to find readily the Logarithm 
of any Number, and the Number of any Logarithm, 
to ſeven places of Figures: 


AN 5 


cants, and Verſed - ſines, to every minute of the Quadrant: 
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EXPLICATION and USE prefix'd, 


The third EDITION. 


Carefully reviſed and corrected, 
By PILLIAM GARDINER 
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at the Poſtern on Tower-Hill, M, pcc, xLII. 
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75 Mr. E D M. MACE Savilian 
' Profeſſor of Geometry, in the Uni - 
verſity of 9 10 


8X, ; | 
r being univerſally acknowledged 
that by the Learned Profeſſors of 
Al Geometry in the Sa vILIAN Cruarr, 
62 Mr. Briggs, Dr. Wallis, and 
| Your Self ) the Logarithmical Art hath receiv'd 
it's greateſt Improvements, and the Uſe of thoſe 
Numbers have by them been fully taught and 
divulged. *Tis to You therefore, who kind, 
and ſhare equally with your famous Predeceſ- 
ſors in the ſame honourable Poſt, (and in Me- 
mory of them) that I think my {elf bound in 
Juſtice to preſent theſe Collections. 


— 


Mr. Briggs, with exceſlive Patience, . 
lated Thirty one Chiliad of theſe Decimal 
Logarithms, to Fourteen Places, alſo the ines, 
Tangents, Secants, with the Logarithm Sines and 
Tangents, and ſhewed their Conſtruction and Uſe; 
of which Dr. Wallis gives a particular Account in 
the Twelfth Chapter of his 4/zebra, which is 
our Introduction, 


A Then 


The DEDICATION. 


Then I return you your own Compendious 
and Facile Method of Conſtructing the Loga- 


rithms, with the Reverſe of that Noble . . 
And indeed, ſetting aſide what is Printed from 
Mr, Briggs above-mentioned, or Mr. Ar. Sharp 
(to whom the World is indebted for their In- 
duſtry in this Kind) the reſt of the Diſcourſes, 
both before and after the Tables, are either Writ- 
ten or Choſen by Your ſelf ; therefore I expect 
your kind Acceptance, and remain, 


S1 8; 


Your very much Olliged 


| Humble Servant, 
London, July 12, 1705; 


Hen. Sherwin. 


Mr. 
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Mr. § H E R V I Ns 
PREFACE 


ER E the Conſtruction and Uſe of the 
FI) pray Tables known to every Body, 
hey ſhould come forth into the World 
WI 0 any Introductory Diſcourſe; 
but as the Caſe fands, and that Know- 
ledge is the ſhare but of few, it may be proper to add 


Something upon both thoſe Heads: And what is here 


preſented is gathered from the moſt Celebrated Au- 
thors that have Improved theſe Subjects among ft our 


ſelves, viz. Mr. Briggs, Dr. Walli and Mr. Hal- 


ley, the Three Profeſſors of Geometry in the Savi- 


lian Chair az: Oxford: To lead the Reader on from 


the Beginning, we give him the 12th Chapter of 


Dr. Wallis's Algebra, which treats of the Original 


of Logarithms, and gives a full Hiftory of their 
Progreſs. To this is ſubjoyn'd Mr. Halley's Com- 
pendious Method of making Logarithms, which 
proceeds abftraftedly from the Mature of Numbers 
without any regard to the Hyperbola ; 3 from which 
is deduced for Practice the making of the Natural, 
and Mr. Briggs's : With the further Proſecution 


of the ſame Subfect, generouſly Communicated by 
the ingenious and unwearied Mr. Abr. Sharp, with 


his Table of Logarithms 20 above Fifty Figures; as 
alſo the Hyperbolic n of 10 to 80, and it's 
Ke- 


"The P R E F A c E. 
| Reciprocal, 70 65. Then follows. by the fame H and, 


the Conſtruction 0 the Sines, Tangents and Secant; 
with the whole Proceſs of the Ruadratureof the Circle IJ 
' 20972 Figures. Which Nee was invented;and 
. be demonſtrated;by the above-mentioned Mr Halley. 
To come to the principal Part of the Per formance 2 
ns to the Tables, we may venture to ſay (without 
Partiality ) that we offer here à more compleat Set | 
of them than: can; bs found in any other. Book now 
Extant, and doubt not, but upon careful Peruſal, 
they will be found as Uſeful and Correct. The 
Method we obſerved in Printing the Logarithms 7s 
according i to that Excellent Abbrovi ation of Dr. John 
Newton in his Trigonometria Britannica; 20 which 
7s added, the Difference between eachLogarithm, and 
the Proportional Paris, in the laſt. Column of the 
ſame Page; by which the Logarithm of any Num- 
ber (& contra) under. 10,000,000 may be readily 
found, without turning to any other Page. 
Themanner of placing the Tables of natural Sines, 
Tangents and Secants, and their Logarithms, is ab- 
ſclutely New, and very Advantageous; for to each 
Logarithm 7 in thoſe Tables are placed the Differences 
which are common. to the Column of Logarithms on 
bath fades : By which the Seconds may be eafily found. 
And for 98 End, between them and the Table of 
Logarithms, . ;s placed a fmall Table 20 convert 
Sexageſimals 4 Decimals, and contrarily. * 
De next and chief; Thing conſiderable in he Ta- 
bles, is their Correcingſo; ; and here we will give a 


; 8 this th rd edition to be placed at the end of the Verſed-ſines. Han- 
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The PREFACE. 


322 rticular Account of the Meaſures we tool to make 


®rhem ſo. As for the Table of Logarithms it was 


examined from 1 to 20000 and from g0000 to 
1 E by Mr, Briggs Arith. 
London 1624, and from x to 100,000 by Adrian 


Logar. Printed at 


| or Table, Printed at Goudz 1628. And to 


bew our Care herein, as well as for Publick der- 


vice, we here place a Table of the Errors we found 
© (when correcting our own) in Mr. Briggs's and V- 
lacq's above-mentioned Canons ; and becauſe Vlacq's 


Errata Table is found i in few of his Books (in- 


5 


© 0WN 
© fomuch that Dr. Newton's above-mentioned Canon 


i is printed with all his Errors) therefore we thought 
it neceſſary to give it here with our Additions. 
' Where Note, that ſuch of his Errors as we now 


Fe | 25 Ta Num | Logar. Num Logar | Num. | Logar. Num. Hs” i 
| 80] B. 99870 $126 80018] 9482 3.97089 15300 1709c}. 459gc 02353 
169] 6704615194] 19453] 9705] o2870[15843], 74222} 4837612 4.99559 
1. 183] 2.26245|5222] 68675] 9972 I 22698 | 16461 | 62149] 49502|a 27458 
233] 69571]6197] 14961] 9973|B 58190 17509 [B 13427] 49717]a 49148 
580] 2.76342 [6207 17454|10058] 16313 |17773 | 4.249760 498% | 64448 
I 590] 2.77085 6257 3.79636 10021 ]B 1149017780 17566] 563591 32786 
= 4 .968] 2.98587 6841 | 95904 loo 93419 | 19009 | 92707] 577561 4.76159 
5 11239] B 13064 [6941 20444[10292 [B 97775 | 19107 | 25036 60400 69380, 
1298] B 46925 [6957 [B3.84242 | 10847 96402 | 19113 88598] 61999 |a 4.79238 
= 1399} 96466 [7775 3.89070 10859] 9833119198] 81165 62090]Ja 16598 
= \{iz2ly 28176 [7830] 3.89376| 11003 11130 20832 fa 4.31873 65160 10756 
| (1354 86643 [8077 [B oo829 11332 6565824862 f 62621] 66759 ſa 4.82450 
1359 94567185561] 3.93227] 11449]B 60245 [28423 | 4.45366 6705c | 4.82639 
= [1377 394038542] 42520] 11469} 4.05952 [33800 | 4.52891 T2055 448 
116266 B 05413 [8692 9717619200 40762736560 61871} 7483213 73526 
J32167a 89113 [$832] 92604119558] 9580538780] 78047; 787 47324 
= [434] 9573949194] 3.5255 12328]. 25257 [39844 [24-60036, 88212 93451 
* [2534| B 66105 [9176 3404912398] 1632039845 [a 4.600 3) 95666 b 4.9075. 
12544 71070 [9182 | 3.96293 | 13274 18133] 40598 | 4.60850 97105 fa 15926 
13329 37952 [9317] 3.95927 | 14920 8013641018 [a 44807 97828 a 4.99046 
= [3499] 39425 [9354] 7365614527] 69365440 fa 34348 9B 9828. 
14599] 34096 9429 3-97446 14763] 45198[ 42506 |a 02379 99910 8959c 
1 { +906 75439 19480 LoL B o7019 44656 a 98191 1ocoos a 47422 


1 are marked with (a), and a fingle one in 


Mr. Briggs's with (p); and thoſe which are common 
10 Mr. Briggs and Vlacq are marked with (B). 
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The Tables of Natural Sines, Tangents and | 
Secants were examined by thoſe of Van Schooten, 2 
Printed at Amſterdam 1627 (which are [aid 19 
be without one Fault) and Sir Jonas Moor's new þ ; 
Sem; the Tables of Logarithmic Sines, Tan- 
_ gents and Secants were exam! oaks by a Table of the | 
ſaid Vlacq, in large Oftavo, Printed at Goudæ 
1626, as alſo by the ſaid Syſtem. And in al! 
- theſe Examinations there were never leſs than Two 
to harken, whil/? One read over the pri nted Sheet to 
be Corrected. 1 
De Table of Verſed Sines was printed from, and 
alf examined by that in Sir Jonas Moor's Syſtem. 

The Traverſe Table is new Calculated to a larger 
Radius than any Extant, and was examined with 
the greateſt Care. 

Aſter the Tables follow the various Uſes of Lo- 
garithms made plain to the meaneſi Capacity; to 
which is added, the Solution of Plain and Spherical 
Trigonometry by Logarithms, from Mr. Briggs's 
Engliſh Edition « of his Logarithmical Arithmetic ; 

and the Uſe of the natural Verſed Sines from 
Hir Jonas Moor's Syſtem. 
The demonſtration of compound Intereſ , with ſome 
Propoſitions of Navigation, were both of them be- 
ſowed by Mr. Halley, and reviſed by him; as were 
moſt of the Sheets of the whole Diſcourſe : wherein 
he vas pleaſed to make many advantageous Alte- 
-ations, for «hich I return him my hearty Thanks. 
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ADVERTISEMENT 


T the defire of the Proprietors of this Book, I 
have examined, and corrected the Table of the 


Logarithms of Numbers in this third edition, with great 


care: The Tables of Sines, Tangents, Secants and Verſed- 
ſines, both natural and logarithmical, are here made 
ſo perfect, as to be the neareſt truth poſſible in their 
loweſt place, and are titled and diſpoſed in a more com- 


mo dious manner than they were before: The Verſed- 


ſines being anew computed, the natural from the 
Sines in Rhætici's great Canon, and the logarithmic 
from the log. ſines in Vlacq's, where each is carried three 
places lower: The Traverſe Table, for the uſe of Na- 


vigation, I have put into a more convenient form, and 
added new chapters of their uſe. 


The explication and uſe of the Tables are here put 
at the beginning of the Book, where the doctrine of 
decimal fractions is diſtinctly treated of, and the method 
of finding by the Tables, the logarithms of given num- 
bers, and the numbers of given logarithms; with their 
uſe in multiplying, dividing, raiſing powers, extractin 
roots, and in compound intereſt; alſo the method 4 
finding the fine, co- ſine, tangent, co-tangent, ſecant, 
co- ſecant, and verſed-ſine of a given number of degrees, 
minutes, ſeconds, and tairds, and the contrary ; with the 
ſeveral Caſes of Trigonometry, and ſome uſeful Propofi- 
tions in Navigation. Here I have made ſome alterations, 
and additions, particularly the 5th, 8th and gth chapters. 
Then follows what Mr. Sherwin had prefix'd to the 
Tables in the former editions; viz. Dr. Wallis diſcourſe 
of the invention and uſe of logarithms ; Dr. Halley's 
method of conſtructing logarithms ; Mr. Sharp's me- 
thods of making logarithms, natural fines, tangents, 
and ſecants; with Dr, Hakey's and Mr. Sharp's compu- 


tations 


Sat KR - 
| SY 


tations of the Quadrature of tlie Circle. To this I. 
have added, Mr. Machin's proportion of the diameter 
of a circle to it's circumference, to 100 places of fi- 
gures : Mr. Sharyp's table of the logarithms of all the inte- 


ger numbers under 100, and of all the prime numbers 


under 1100, to 61 places of figures ; with their uſe, 
in finding the logarithm of any number, and the num- 


ber of any logarithm to as manyplaces : Whereunto are 
adjoin'd, the logarithms of 41 numbers from 999980 


to 1000020 incluſive, to 61 places, with their 1ſt, 2d, 


za and 4th differences to 30 places; which may be of 


uſe for the more eaſy finding the logarithm of any 
number to 30 places, and the number of any logarithm 
to 20 places, by the iſt and ad differences only. 


WILLIAM GARDINER. 


MATHEMATICS Taught; 
Eſtates furvey'd, and plotted, in the moſt 
f exact manner hitherto uſed. 


By WILLIAM GARDINEN, 


in Green Arbour Court near St. Sepul- 
chre's Church, Snow-Bill. 
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CHAP; I. 
Of Decimal FRACTIONS. 
HE Nature of a Decimal Fraction may be con- 


ceiv'd, by imagining a Foot-rule (or any other 
Meaſure) to be divided into ten equal parts; 
2 then each part is 25; and if every one of thoſe 
Ex parts be divided into ten equal parts, the Foot 
I (or other Meaſure) will be divided into 100 e- 
qual parts; thus every part of the firſt diviſion is 73, or 288; and 
every part of the ſecond diviſion, in reſpect of the whole, will be 
78: After this manner we may conceive a Foot, a Yard, an 
Acre, an Hour, a Buſhel, a Pound, a Shilling, &c. to be divided 
into 10. 100, 1000, 10000, Sc. equal parts, at pleaſure, 

II. In Decimal Fra#ions ; the Figures expreſs'd is the numera- 
tor, and the denominator is omitted; becauſe known to be al- 
Ways an unit, with ſo many cyphers as there are places in the 
> numerator : Alſo a Decimal Fraction is diſtinguiſh'd from an In- 
teger by a point prefix'd, as .2 for js, .34 for 1b. 367 for 1888; 
0089 for yesrs, Oc. | 5 

Obſerve the ſame in mixt numbers, as, 678.9 for 67814, 
67.89 for 67188, 6.989 for 6 , Oc. 

III. Cyphers at the right hand of a Decimal Fraction alter not 
it's value; for .5 or. 30, or .50000, is each of them of the ſame 
value equal to x5 or 3: But Cypher; at the left hand in a Decimal 
©» Fraction decreaſe the value in a tenfold proportion; for. og is ris, 
2 +005 IS rode, 0005 is wd, Sc. 

IV. Decimal Fractions are eaſily reduced to a common denomi- 
> zator, by making (or even ſuppoſing) all of them to conſiſt of the 
lame number of places; ſo . 3, .45, .067, . 0089, may be * 

A thus, 
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2 : 
thus, .3000, . 4500, ,0670, .o0089 ; all which conſiſting. of four 


Of Decimal 


Frafions. 


places, their common denominator is an unit with four cyphers, 


VIZ. 10000. 


V. Addition | and Sy 


7 


traction are the ſame as in whole numbers, 


when the places of the ſame denomination are ſet under one ano- 
ther: As in the following Examples. 


L. Addition. 1 Sabrraction. 

0.37 | th 121.5 8 4 . 
45 0.5625 | 45.5605 22 mg | 59 

0.06789 | 0.9375 | 75.9375 S 

o. 81789 [5 | 242.9980 1.25 | 2.75 15503 


VI. In Multiplication ;, the work is the ſame as in whole num» 
bers, only in the product ſeparate with a point ſo many figures to 


the right hand as there are fraction 
plicand and multiplier, then all the 


om both 


in the multi- 


gures on the left hand of 


the point make a whole number, and thoſe on the right a Decimal 


Fraction. 


N. B. If there be not ſo many figures in the product, as ought 
to be ſeparated by the preceding Rule, then place cyphers at the 
left to compleat the number, as may be ſeen in the ſixth and ſe- 


venth Examples. 


Ex. 6. 0.4 50 


Ex. 1. 456 [Ex. 2. 45.6 [Ex. 4. 45.6 
21.3 21.3 0213 822 
| 1368 i o. 097128 
456 Ex. 3. 456 Ex. 5. 0.456 Ex. 7. 0.0456 
912 | 0.2123 W 
1 9712.8 97.128 . 0.97128 | o. 0097128 


8 


1 4 


VII. In Diviſion; work as in whole numbers, only in the quo- 


rient ſeparate with a 


point ſo many figures to the right hand (for a 


Decimal Fraction) as there are fraction places in the dividend 
more than in the diviſor ; becauſe there muſt be but ſo many 
fraction places in the diviſor and quotient together, as there are in 


the dividend, 


Or the Places of the quotient may be known as ſoon as the ope- 


ration is begun; by ſetting the diviſor, or it's firſt multiple, 


under the firſt figures of the dividend excceding it; then will the 


units place in the diviſor, or it's multiple, ſtand under ſuch a place 
in the dividend, as the firſt ſignificant figure of the quotient is to 


have, 
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07 Decimal Fractions. 3 


* have, as in the firſt and laſt Examples below, 
Where alſo inſerted for illuſtration: In the 234890 3 I 98 


7 Firſt, here 5 (the units place in the diviſor 2025 


i multiplied by 3) ſtands under 8 the hundreds 
Y place 1 in the dividend, therefore 3 the firſt figure of the quotient 


will be hundreds; ſo there will be three integer, and two fraction 
places in the quotient: In the Laſt, here 

the units place in the diviſor's multiple 234890000. 034798 
| cones under 2 in the dividend, which is 2.025 : 
in the ſecond place of the fraction ; there- 
| fore 3 the firſt ſignificant figure of the quotient will be the ſame, 


and a cypher muſt be prehx*d, as directed in the note on Multipli- 


cation: Alſo when in the operation the units place of the divi- 
ſor is ſet under the units place in the dividend, it gives the 
unte place in the quotient, and whatſoever ſhall come into the 
quotient beyond, muſt be ſeparated for a Decimal Fraction. 
5 Therefore, if the diviſor be a whole Number, the quotient will 
have the ſame number of fraction places as the dividend, as Ex. 1. 
: If the dividend confiſts of ſix decimal places, and the ani; but 
of two, there will be four decimal places in the quotient, as 
Ex. 7 
j If there be more decimal places i in the dividend, than are in 
the diviſor and quotient together, place cyphers at the left hand 
of the quotient, to compleat the _— as Ex. 5. where one 
q cypher is prefix'd. 
0 Annex what number of cyphers you pleaſe to the right hand of 
3 the dividend ; (ſee Rule 3) but if 
the dividend be made to have Diviſor Dividend Quotient 
three fraction places more than are 675) 234890-00 ( 347.98 Ga 
in the diviſor, chere will be three 67.5) 2345. 9080 (34.798 
ſuch places in the quotient, which, 6.75) 23.489000 ( 3 4798 — » 
41 in moſt caſes is ſufficient, except it . 673) . 23489000 (34798 — 4 
is to be multiplied afterwards, 675) 24 οõο (034798 —5 


0 VII. Vulgar Fraftions are reduced to Decimals of the ſame 
value, by dividing the Numerator by the Denominator. 


Example, What Decimal part of 11. Sterling is gd. or 535 
yo! 11? Anſwer, 0,0375/, Thus 240)9.0000(0. 0375. 


* 


'F A 2 Note, 
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4 Of Decimal Fractions 


Note, Becauſe Money is valued in Pounds and parts of a Pound, 
and Time in Years and parts of a Year, it is often convenient 


to reduce thoſe parts into Decimals ; then the work is the fame 


as in whole numbers, for which 


purpoſe theſe two Decimal Tables 


are inſerted. 
| A TABLE of the Decimal parts of 10. 

| 9. | Derimals, |[s, | od | 3d. | 6d. | 94. [| «| cd. | 3d. | 64.]| gd. 
1 | -00104167|] 0] decim] olz5|.o025 0375 Iq. S125] +525 +5375 
2 |.oo208333|| 1]o5 0625075 |.c875}|11}.55 [.5625]-575 |-587 
3. [. 003125 [2.1 [.1125].125 |.1375|}12}.6 [.6125].625 | 6375 
14. oo416667[ 3 15 1625175 [1875/13065 f. 625.675 [6875 
1 J. 00520833 42 J. 2125225 J.2375 [14.7 +71251.725 [+7375 
2 [00625 —— — hea Kama 1. ——— — 
3. [00729167 5 25 2625275 [ 2875/15075 7625775 [+787 

2d. . o08333330[ 6 |.3 3125 1.325 3375 1608 812.825 8375 
r [299375 || 735 [-36251-375 | 3375 17;.85 |.8625].875 [8875 
i. Feen 8 |.4 [4125425437589 9125925 [9375 

| 3 [.o1145833/] 4 1.4625] .475 | 4875 [19 95 ]-96251-975 [98751 


The Decimal parts of 11. may be valued by the preceding Ta- 


ble, or to three places at ſight, viz. the firſt 
ſhillings, the ſecond and third joyn'd are farthings, abating one 


figure doubled is 


for every 25, for ,025 is 6d. ,050 is 1s. and . 075 is 18d. 


1 TA BL E of the Decimal parts of a Year, or of 305 Days. 1 
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169863} 19726C 
1726032 

175 3422027 
178082205475 
24.208219 
210955 
213699 
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27397 


2 356 16 


219178 
221918. 
224658. 


230137“ 
232877“ 


238356. 
241096. 


2442 


2 02495005205 510794521. 
Months 1 | 2 | 


10634 
Rl 


124 242L1 1844118941214 
a 


1 


It. 10 L 1 


-416667 


5 |-583333|-606667|+75 [-8333 33|-916667}- 


Lecim. J. 833 JT 188887 L258 |.333333 


Note, That the Decimals in every column after the firſt, begin 
with the Decimal of an even ten days, and increaſe downwards 
by one day each, ſo the Decimal of 20 days is o. 54796, and of 
21 is. 057534 and if theſe are moved one place to the left hand, 
they will be the Decimals of 200, and 210 days, and ſo of the reſt. 
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1 one of the pages of the Table after the firſt 
2 four, find the Number given, and even 
with it in the ſecond column (ſign'd o) is 
found the Logarithm ſought, to which 3 | 2 
2 (the proper Index) muſt be prefix d; as 99 99 18 3.999956 
may be ſeen in the adjoining Examples. 


8 
CHAP. II. 


Number to a given Logarithm. 


I. To find the Logarithm of a whole Number under 1000. 


N the firſt four pages of the Table of the Logarithms of Num- 
bers, are placed all numbers from x to. 999, in their com- 


mon order, and againſt every number it's Logarithm; fo the 


Log. of 43 is 1.633468 f. 
Note, The Index, or Characteriſtic, of the Logarithm of every 


integer number conſiſting of one figure is o, of two figures 1, of 
three figures 2, of four figures 3, of five figures 4, c. equal to 
the number of places that it's firſt figure is diſtant from the place 
of units; and altho', to the Logarithm of every number in the 
Table above 100, the Indices are omitted, yet in the operation, 
they muſt be prefix d according to this remark : So the Log. of 
430 is 2.633468, and the Log. of 999 is 2.9995655 3 and fo of 
the reſt: But the Index of the Logarithm of a Decimal fraction is 


negative, tho? ſtill equal to the diſtance of the firſt ſignificant 


figure of it's number from the units * as before; ſo that if the 
flirſt ſignificant figure be in the firſt 

garithm is — 1, or the complement thereof to 10, or 100, viz. 
9, or 99, as hereafter; if in the ſecond place, the Index is — 2, 
or elſe 8, or 98 z if in the third place m__ elſe 75 0097 5 if in 
the fourth place, —4, or elſe 6, or 96, &c. 5 


place, the Index of the Lo- 


II. To find the Logarithm of a Number, confiſting of four places. 


In the firſt column (ſign'd Num.) of ſome Num. Lagaritbms. 
1000 is 3$.0000000 
1004 is 3.00 17337 
9959 18 3.998217 


III. To find the Logarithm of a Number, conſiſting of Ave places. 
Find the firſt four figures of the Number in the firſt column, 


1 and even therewith (in the column ſign'd by the laſt figure of the 


Number) is the laſt four figures of the Logarithm, which adjoin'd' 


1 to the firſt three common figures in the ſecond column, makes up 
the Logarithm ſoughr, when 4 the proper Index is prefix d. 


Example. 


6 Of the Logatithnis of Numbers. 


Example. Given the Number 54237 to find it's Logarithm, 
Find 5423 in the firſt column, and even therewith (in the co- 1 
lumn fign'd 7) is 2957, which annex'd to 734 the firſt three com- 
mon figures, it will ſtand thus, 7342957, and the proper Index be- 
ing prefix*d, the Logarithm of 54237 is found to be 4.7342957. 
Note, When the laſt four figures of the Logarithm begins with 
a cypher or any leſs figure, than the laſt four in the ſecond column 
begins with; then the firſt three common figures are thoſe in the 
next line lower: Thus the Logarithm of 54453 is 4.7 3602 18. 


IV. To find the Logarithm of a Number, conſiſting of fix Places. 


Find the Logarithm of the farſt five figures by the third, and 
the Difference betwixt it and the Log. of the Number next 
greater, which is in the laſt column but one ſign'd D; then 
find that Difference in the laſt column, ſign'd Pts. Pro. (which 
ſtands for Parts Proportional) and againſt the ſixth figure of 
the Number given, is the part to be added to the Log. of the 
five figures before found, the ſum is the Log. ſought, when 5 
the proper Index is prefix'd. | # 
Example. Given the Number 542375 to find it's Logarithm. if 
The Log, of 54237 is found (by the 3d) to be 7342957, and 7 
the difference betwixt it and the Log. next greater is 80, and 
in the laſt column againſt 5, under that difference is 40, which 
added to 7342957, and the Index 5 prefix d, makes 5.7342997, 
for the Log. of 542375, which was ſought. 7 
Or, The Proportional Part may be found (without the Table 
of Pts. Pro. in the laſt column) thus: Multiply 80, the ſame 
difference, by the ſixth figure, (which in this Example is ) 
and divide the product by 10, gives 40, as before; for in this 
manner the ſaid Table (fign'd Pts. Pro.) was computed. . 
Note, If the Number is in the 10 1ſt chiliad, it's Logarithm 
s directly found in one of the laſt two pages of the Table. 
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V. To find the Logarithm of a Number, conſiſting of ſeven Places, 

Find the Log. of the firſt five figures by the 3d, and of the fixth 
figure by the 4th, and for the ſeventh figure divide the propor- 
tional part by 10, (that is, ſet it one place farther to the right 
hand, than the laſt figure of the Logarithm reaches) and add it 
to the Logarithm of the ſix figures before found, their ſum (with 
the Index prefix'd) is the Log. ſought ; thus the Logarithm of 
5423758 is found to be 6.7343003. 

The Examples of the 3d, 4th, and this 5th, Propoſitions are 


placed at the ſide of the following remaſks Nete, 9 
1 4 ce th £ n 7 


2 929 be 
4 \ 1 


” 
* 
. 4 = 


4 
1 = 17 


4 5423758 _.0.7343003 
7 quotes 46.4, the ſame as by the Table. 947372" 153300 


„ 


g Of the Logarithms of Numbers. 7 
1 Note, The Proportional Part may Num. Logarithm 
be found (without the Table of Pts. 34237 4-7 342957 
Pro.) for the laſt ky 5 by 5 40 
multiplying them by the common 542 72707 
difference, and then“ dividing the 7 — 77755 
product by 100; ſo in the laſt Ex- 5 p 40 
ample, 58 multiplied by 80, pro- Ni 5 
duces 4640, which divided by 100 


VI. A proper Fraftion being given, to find it's Logarithm: 
Subtra& the Logarithm of the denominator from the Logarithm 


of the numerator, the remainder is the Log. ſought, and is always 
the Logarithm of a Decimal Fraction. 


Note, The Index of the Log. of a proper Fraction is ne- 


= gative, but if 10, or 100, is borrowed to the Index of the 
Log. of the Numerator ; Then the Index of the Log. of a 
2 Decimal Fraction beginning one place below units, will be 9, or 
99; if two places below units, 8, or 98 3 if three places, 7, or 
9; if four places 6, or 96, Cc. the latter is often neceſſary to 
> diſtinguiſh it from the Index of an Integer, eſpecially when the 


power or root of a Decimal Fraction is required, as in the next 
Chapter. 


Example. To find the Logarithm of 4. | 
From Log. of Numerator 3 , . . 10.4771213 or 100.4771213 


Subtract Log. of Denom. 4. . 0.6020600 , . . 0.6020600 
The Remainder is Log. of 0.75. . . 9.8750613 or 99.8750613 


Note, Putting the Index of the Log. of the numerator 3 to 
be 10, or 100, the Index of the remainder is 9, or 99, which 


is one place below units, and the reſt of the remainder is found in 
the Table of Logarithms to anſwer to 75, 750, or 7500; but as 
the Index determines the firſt figure to be put one place below 


units, the number anſwering to the remainder 1s 0.75. 


VII. To nd tbe Logarithm of a mixt Number. : 
Reduce the Number given into an improper Fraction ; then 


ſubtract the Log. of the denominator from the Log. of the nume- 
= rator, the remainder is the Log. fought. 


Example, To find the Logarithm of 472. 


The 473 reduced to an improper Fraction, is 12: 


1 The Logarithm of the Numerator 57. ..... 1.758748 
The Logarithm of the Denominator i222. 1.07928 12 
The Logarithm of 473» (OT .ON 4535) « « 5s 5+ 5:05 OO FOR9IE 
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8 'Of the Logarithms of Numbers. 

If the Fraction part annex'd be a Decimal, Numb. | Logarithms. | 
ſeek for the Log. of the mixt Number, as if 47500| 4.6766936 
it was an Integer, obſerving to prefix thereto 4750 3,6766936 
the proper Index, which always is equal 475 2.6766936 


to the number of places it's firſt figure is 47.5| 1.6766936 8 
diſtant from the place of units; which is 4.75 0. 6766938 


illuſtrated by the adjoining Table, where the 0.47599. 6766936 b 
Logarithms differ only in the Indices, 0.0475|98.6766936 Y 


VIII. To find the Number, that anſwers to a given Logarithm. 


Find the three figures next the Index of the Log. given in the 


ſecond column, and the laſt four in the ſame, or in one of the nine 
following columns, and if you find it exactly, in the firſt column = 
even therewith is the firſt four figures of the Number, and the 
fifth at the top and bottom of the column in which the laſt four 
figures of the given Log. is found, 1 
Example. To find the Number anſwering to the Log. 2.342937. 
Seek in the ſecond column for 734, (the three figures next the 
Index) and having found them, look to the right hand for the © 
laſt four figures among the ten columns, and you will find in that 
ſign'd 7, is 2957 3 thus, 54237 are found to be the figures of the 7 
number ſought ; but the Index of the Log. given is 2; there- 
fore the three figures at the left make an Integer, and the laſt two 
a decimal Fraction, viz. 542.37. 

But if the Logarithm given be not found exactly in the Table, 
take the next leſs, and ſubtract it from the Log. given, what 
remains look for in the proportional Parts of the difference of the 
Logarithms next leſs and greater, and againſt it, or the part net 
lefs, is a ſixth figure to be placed at the right hand of the five 
figures before found ; and in cafe the proportional part be not 
found exactly, ſubtract it from the firſt remainder, then place a 
cypher at the right hand of this remainder, and againſt the neareſt 
proportional part (either Pigger or leſs) is a ſeventh figure to be 
placed at the right hand of the ſixth figure. 9 

Example. To find the Number anſwering to the Log.. C. 7343003 
Log. next leſs in the Table is the Log. of 54233 7342957 
OBEY ns. wok 1ſt Remainder 46 

| - - - for part. . z0 

Diff. is $0, the Table of P7s. Pro. gives) 2 qd Remainder 6.0 
, - ++ .. for part . . 6.4 ® 

Thus the Number ſought is found to be 5423758. 9 

Or 4600 (the firſt Remainder with two cyphers annex'd) divided 
by Diff. 80, quotes 58 to be placed to the right hand of the 34237 
firſt found, as well as by the Table. bn | 


i 


| 
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Of Logarithmical Arithmetic. 
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N Multiplication : Add the] IL. InDiviſi on: Subtract the Log. 
1 Logs. of the multiplicand of the diviſor from the Log. of 
3 "and multiplier together, the] the dividend, the remainder is 
ſum is the Log. of the product. the Log. of the quotient. 


7 Example. Num. LTogarithms | Example. Num. Tygarithms 
Þ Matciplicand 8.5 , - . 0. 9294189 Dividend 9712.8 . . 3. 9873444 
1 2 Mulciplier . 10. . I.0000000[Diviſor. . 456. . . . 2.0589648 


9 Product. „ 19294 789 l Quotient 21.3 21.3. . 1. 1.3283796 


> Begin at the left hand, and write down what each figure wants 
I Z of 9, only what the laſt ſignificant figure wants of 10; fo the 
Comp. of the Log. of 456, viz. of 2,.6589648 is 7. 3410352, 


1 

III. Ir the Rule of Three: Add the Logarithms of the ſecond 
and third terms together, and from the ſum ſubtract the Log. of 
the firſt, the remainder is the Log. of the fourth, Or inſtead of 
; ſubtracting a Logarithm, add it's Complement, and the reſult 
b will be the ſame; but (in the tens place of the Index of the ſum) 
| 7 1s ever to be abated for each Complement thus taken, tho' the 

2 expreſſing it be omitted in any Rule hereafter given. | 


Example 1, If four Ells coſt 91. what will twelve Ells coſt? 
= fnſwer 27 l. 
Log. of 4 is 0.6020600 | Or thus; 
A . of 9... 69542425 Comp. of Log. of 4 is. . 9. oo 
2 13 of 2 . —_ $12 | Logarithm of 9 27272755 
1 Log. of 108 5254637 Logarithm of, . 12. 1.07918 12 
Los of 27 1.43 13637 Logarithm of , . 27 14313637 


I Example 2. If the Intereſt of 100). for 26 5 days is 6L what | is 
the Intereſt of 31731. for 321 days ? Anſwers 272,964.31. SIC" 


Comp. of e e 

Comp. of the Log. of 36666. 7.377071 
F Logarithm of. // CIS DEST 8 
Logarithm of. 51733. 237137425 
— . - + 5383+ > + oo >> « « o > » » © 25005050 
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To find the Complement of a Logarithm, FF = 


10 / Logarithmical Arithmetic, 


A TABLE being the member of days from any day in any F 
month, to the ſame day in any followings month, * 


1 
eee 


| Zanuar-[305 33430927245 2141841530122 92] of] 310 
Februa.} +31 3661337130627 124.5]21-|184|153g}122] 97 
March | 59] 28130513341304]2731243]212]181]1511120] gol WW q 
Aer | 991.59] 31130513351304[2741243]2121182[1511121] Mo 
| | May 4120 89] 61] 301363133413041273[242[212]181]151] Mp 
To 1 92] 61, 3113631331304 272 245]: 121182 3 p 


| |Zuly 11841501122] 914 bil 30136:13341303]2730242[212] WM n 
| 7] Auguſt P21211811153[122] 92] 6y 31136513341304[273]243] 


| | Seprem. [243]212]184/153123] 92] 62] 311365[33:304[274| MF 

ser 7302420 14831330122 92] 61] 3003680334044 © 
| | Novem. 30427302452 141840133123] 92] 61] 3113651335] 8 F 

\. LDeconb13341303[27 824402 14/185 15211221 9 1 61] 304363] 
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Example. To find the number of days from the iſt, ioth, 4 
| L 
£ 
& 
. 


Multiply the Log. of the Number given by the Index of the 
power required, the product will be the Log. of the power ſought, 
Example. Let the cube of 32 be required by Logarithms. 9 


_ 


i or 20th of June to the iſt, 10th, or 20th of March, 3 
j | Find Zune at the Head, and down that Column, in the line even 
with March is 273 days: Or if it was from the 15th of June to þ 
| the 26th of March ; then the number of days would be eleven ; 
N more than 273, vig. 284 days. Thus the number of days in any I 
| | time under a year may be found by Inſpection, = 
| | IV. To raife powers by Logarithms. 1 


The Log. of 32 is 1.5051500, which multiplied by 3 is 
4.5 154500 the Log. of 32768 the cube of 32. br 

But in raifing the powers (viz. ſquaring, cubing, c.) of any 
Decimal Fraction by Logarithms, it muſt be obſerved, that 
the firſt ſignificant figure of the power be put ſo many places below t 
the place of units, as the Index of it's Logarithm wants of 40, 
100, &c., multiplied by the Index of the power. 

Example. Let the cube of 0.009 be required by Logarithms. 

The Log. 0.009 is .7,9542425, which multiphed by 3 is 
23.8027275 the Log. of 0.000000729 the cube of o.oog: Here 
the Index of the Log. of the power is 23, which wants ſeven of 
1Ox-(3) the Index of the power; therefore the firſt ſignificant 
figure of the power muſt be in the ſeventh place below units : But | 
1 when the firſt figure of the power ſhall be lower than the tenth 
place, 
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Of Logarithmical Arithmetic, 11 


place, it will be neceſſary. to admit another place into the Index of 
the Log. of the given number, by making it the complement to 
100. 3 
Example. Let the ſixth power, or Cubo- cube of the fine of 
x min. (Rad. i) be required. | 

Ihe Log. of the ſine 1 min. in the Tables is 6.4637261, but 
in this caſe muſt be 96.4637261, which multiplied by 6 (the In- 
dex of the power) is 378.7823666, the Log. of 0.00000,00000, 
7 00000,00000,06058,383: Here the Index of the Log. of the 
= power is 578, which wants 22 of 100 x (6) the Index of the 
power; therefore the firſt ſignificant figure of the power muſt be 

in the 22d place below units. 

Or any power of a Decimal Fraction may be rais'd, by multi- 
= plying the complement of the Log. of the Fraction by the Index 
of the power; the complement of the product is the Log. of the 
power ſought. 1 


Example. Let the o. 62 Sti power Lag. of 0.0032=7.5051500 


of 0.0032 be required. Complement 2.4948 500 
= 4fwer, o. 275879. multiply d ly 9.625 
Nate, By this method, the num- 49897 
ber of fraction cyphers preceding in _149691000 _ 
the power, will be the ſame as the Product 1.5592812500 
Index of the product. Complement 8.4407 187500 
1 is the Log. of o. 0275879 
g Again, Let 6.2 5th power of 0.0032 be required. 


The Log. of 0.0032 (as before) is 7. 305 1500, and it's com- 
plement 2.4948 500, which multiplied by 6.25, the product is 
ten times the former, viz. 15.5928 125, and it's complement 
= $4.4071875, which anſwers to 0,00000,00000,00000,25538, the 
7 6.25th power of 0.0032. 


Jo extract the roots of powers by Logarithms. 
Divide the Log. of the Number by the Index of the power, 
the quotient is the Log. of the root ſought. 
Example. Let the Cube- root of 6751269 be required. 
The Log. of 6751269 is 6.9 293834, which divided by 3 the 
Index of the power, quotes 2. 2764618 the Log. of 189, the 
Cube: root ſought. _ 5 4 

But if the powerz whoſe root is to be extracted, is a Decimal 


7 Fraction, prefix to the Index of it's Log. a figure lefs by one than 
1 the Index of the power, and divide the whole by the power's In- 
dex, the quotient will be the Log. of the root fought. 


B 2 Example. 


— *%, 4 2 4 4 * * 
e * 
| : 


12 Of Logarithmical Arithmetic. 
Example. Let the Cubo-cube-root, or root of the ſixth power 
of 0.00000,00000,00000,00000,06058,38 3 be required. 
The Log. of 0.00000,00000,00000,00000,06058,332, is 
58.7823566, to which prefixing 6—1=5, the whole is 578.78- 
23566, which being divided by 6 (the Index of the power) the 
quotient is 96.4637261, the Log. of 0.00029,08882, the root 
ſought. _ | 1 | | | 7 
Or the root of a Decimal Fraction as any power, may be had, 
by dividing the complement of the Log. of the Fraction by the In- 
dex of the power, the complement of the quotient is the Log. of 
the root ſought. | . 
Example. Let the o. 62 5th root of o. 0278 79 be required. bY 
The Log. of 0.0275879 is 8.4407188, and it's complement *# 
1.5592812, which divided by 0.625 quotes 2.4948 0, whoſe 7 
complement is 7.5051500 the Log. of 0.0032, the root fought, Mi 
Again. Let the 6.2 5th root of 0.00000,00000,00000,2 5 538 be 
required. 9275 
The Log. of 0.00000,00000,00c00,25538 is 84.407 1875, and 
it's complement 13.5928 125, which divided by 6.25 quotes 
2.4948 500, whoſe complement is 7. 305 1500 the Log. of o. 03 2, 
the root ſought, as before. | vs 
VI. To find mean proportionals between any two Numbers. 13 
Subtract the Log. of the leaſt term from the Log. of the great- 7 
eſt, and divide the remainder by a number more by one than 
the number of means deſired; then add the quotient to the Log. 
of the leaſt term (or ſubtract it from the Log. of the greateſt) 7 
continually, and it will give the Logarithms of all the mean pro- b 
portionals required. | 85 
Example. Let three mean proportionals be ſought, between 
106 and 100. 15 
Log. of 106. „ % Sees 2.0253059 
/ ĩ ĩ⁰ꝶͤ—e ifaasd 2. 0000000 114 * 0 
Divide by 4)0. 025 3059 (o. 0063 264.75 
. of rhe leaſt term 100. + „„ „„ „ „ % „% „„ „„ » „„ 2.0000000- . 5 
Log. of the firſt mean, 101.4073846. 2.0063 264.75 
Log. of the ſecond, , , . 102.9563011. « » 2-0126529.5 | 
Log. of the third . . , . 104.4670483 .. ». « - 2-0189794.25 
Log. of the greateſt term 106. .,.,,. +» +» +» + - 2.0253059 
If of 11 mean proportionals, between 106 and 100, the gth |} ; [5 
mean was required; divide the aforeſaid remainder by 12, and 
multiply the quotient by 9, and add the product to the Log. of the 
leaſt term; or multiply the quotient by 3, and ſubtract the pro- 
duct from the Log. of the greateſt, the ſum or difference is the 0 
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t Log. of the 9th mean requited ; and is the ſame as the third in the 
f 7 | % 
preceding Example. C HAF. 
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CHAP, IV. 


| 07 Comp ound Intereſt, by Dr. Ep. HALLE v, 
f 8 Alt. Sav. Pr. Geom. Ox. & F. R. 8. 


Principal Uſe of Logarithms, is to ſolve all the Caſes of 
compound Intereſt, which are not without great difficulty 
attainable by the Rules of common Arithmetic. But 
before we proceed to the practical part, it may perhaps not be 
improper to ſay ſomething of the foundation or demonſtration of 
4 the Rules we are to give. 
Therefore let p be any ſum of money forborn t times; 7» the 
if i} rate of Intereſt, or produce of one Pound and it's Intereſt in one 
time; that is, as 1 to r, ſo 1 Pound to it's amount after one 
® year, or other ſpace of time; and let m be the amount of the ſum 
7 1; forborn f times. Now becauſe in one year or time unity be- 
9 comes 7, by the ſame reaſon r will in another time become vr, 
F, and rr in a zd time become 1, Sc. it appears that 1t or 7 
' | raiſed to the power, whoſe Index is the number of times, will be 
i the amount of one Pound forborn ? times, and therefore: 


I. The amount m= prt; therefore multiply the Logarithm of 7 
by t and to the product add the Logarithm of p, the tum ſhall be 
the Logarithm of m. 


15 Example. What is the amount of 157. 175. 64. forborn 12 
= years at 6 per Cent. per Annum compound Intereſt. 

7 The number 1.0 r. . + + it's Log. 0.0253059 
Which Log. multiplied by (i=)12 the years produces 0.30 30708 
7 The principal ſum 151. 175. Ed. 15.875. g, it'sLog. 1.2007 137 
Yo The amount 311. 185. 105d. 1.943621. m, its Log. 1. 3043845 


175 II. = therefore if from the Logarithm of m the Lo- 


| | garithm of p be ſubtracted, and the remainder be divided by 7, 
the quotient is the Logarithm of 7, 


Example. What! is the rate of compound Intereſt, 3 the ſum 
of 1 5. 175, 6d. forborn 12 years amounts to 32 185. 103d, 


The 


14 Of Compound Intereſt. 

The amount 311. 185. 104d.=31.94362/.=m, it's Log. 1.5043845 | 
The principal ſum 1 57. 175. 6d. ig. 5751. p. it * I. 200749 
The remainder is Log. of *,,..... . . . + +» + 0.3036708 | 


Which divided by 2 12 quotes Log of (1. O6 ) r. .6.0253059 | N 
Therefore the rate is 6 CHE Cent. per Annum.” 7 


III. Becauſe . _ divide the difference of the ia 1 


of m and p by the Logarithm of : the quotient is t, or the time 9 
wherein the ſum p. will amount to m at the rate 7. 2 


Example. In what time will the principal ſum of 157, 175. 6d. 
amount to 31“. 18s. 1024, at 6 per Cent. per Aunum compound Xx 
Intereſt. 1 
The amount 3 11. 185. 105d. 31.943 62“. m, itsLog. 1. 30438435 
The principal ſum 15. 175. 6d. 19.87 51. b, it 's Log, 1.20C7137 i 
The remainder is Log. of rr... . 0.3036708 i 
Which divided by o. 0253059 = Log, of 7 quotes 12 years for 4 f 
the time, 4 


IV. „=; therefore multiply the Logarithm of 7 by t, and | [ 


ſubtract the — from the Log. of n; the remainder ſhall be 
the Log. of p the principal ſum. 

Example. ge is the principal ſum that in 12 years at 6 
per _ ber Annum. PIR. Intereſt will amount to 311. 18s. | 2 
10 / 
Iams 311. 18d. 104d. =} 1.943620. Dm, it'sLog. 1. 5043845 | E 

The number 1.06=7 .. .. . +. it's Log. 0.0253059 ll | 


Which Log. multiplied by (/=)12 the years produces o. 6:00 $6708 Þ . 
And ſubtracted from the Log. of the amount 9 
The remr. is Log. of (15.875. 150. 175. 64:==) p. 1.2001 37 3 

The four preceding Rules are alſo readily deduced from the con- 4 


fideration of the rebate of money in this manner. 9 
For if in any time, 1 becomes 1, in the ſame time 1 becomes 1 


as oh @ aa XA amr 


- 6 1 
5 and in the ſecond time becomes y, , and in the third — „Sc. 


1 
n 
% 


ſo that putting p the value or preſent worth of any ſum m payable 1 
after / times, at the rate of - to 1. 1 


I. The ſum m=pr* ; therefore multiply the Log. of y by ?, and to } 
the e add the Log. of p, the ſum ſhall be Log. of m ſought. 


II. =" ; therefore from the Log. of m ſubtract the Log. p, 1 


and divide the remainder by ?; the quotient will be the Log of r. 
III. Since 1 
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years. | 
WM rv. p==; therefore multiply the Log. of r by t, and ſub- 


The Logarithms are alſo ſerviceable to reſolve all queſtions 
concerning the amount or prefent worth of Annuities, not paid 
ds due, or purchaſed to be paid for time to come. 

VL—Let a be an Annuity or yearly penſion, whoſe ſucceſſive amounts 


- : | E 

bor times paſt are art, and horny preſent values are — ſucceſſive- 
| 1 ly, by what goes before: And the ſeries, c. ar, ara, arꝭ, ar“, ar, 
7 4 1 2 11h, 

Y >, 6 --» 7 Sc. vill be a rank of mean propor- 
8 7 12 7 7 : * : ; 

tionals continued infinitely in the ratio of r to 1: Now the ſum 
of all the conſequents, or ot the whole infinite feries, will be to 
the ſaid ſum increaſed by the next greater term (or the ſum of 
all the antecedents) as 1 to r, by Eucl. 5, 12, Wherefore put- 
ting y for the faid ſum ot the conſequents, ry will be equal 
to art, the ſum of che antecedents ; and ry—y=art; and 
3 Art 1 

rkhereſore . will be equal to y, the ſum of all our mean pro- 


I portionals, whereof art is the greateſt, And by the ſame Rule 
g | — will be the ſam of all the terms whereof —is the greateſt. 


= Sothatif we ſubtract— from— , the difference will be the ſum 
of all the terms, whereof art -i is the greateſt, and 2 the leaſt, 
their number being t; which ſum we will call 3, Therefore 3 
(the amount of the annuity of à torborn ? times at the rate 7) 
n 


#Y + 
88: 7 — 1 
8 
* ” 
vu 
U 5 


4 I. The annuity (a) rate of Intereſt (r) and time (i) being 
given, to find () the amount, | 


From the Log. of à ſubtract the Log. of PI, and to the 
remainder add the Log. of t; from the number anſwering to 


5 
1 
E 
8 
1 


2, . — . | 
ky A his laſt ſam, ſubtract the number anſwering to the remainder, 
the difference ſhall be à the amount ſought. ö 

288 ; 


\ 


1 Example. 


. 5 

— 4 
1 * 
by 
L by ; 
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Example. W hat will an annuity of 34.4/. forborn 122 years 
amount to at 6 per Cent. per Annum.. 


\ 


2234.4 E. a=1.5365584 09 
11g 0.06 L. — 128. 7781513 Pas 7 #=, 212. 5 
* | | 
= = 973-3333 L.—= 2.7584071 wm 6: 
be er | 253059 if 
t ; 
21= 1187. 766⁰ L— =3.0747308 L. rt=0.3163237.5 I 
een 271. =; = — =the Amount. I 


2 3 
7 
Þ 


LY 


II. The annuity (a) it's amount (2) and the rate of u 
(r) being given, to find (t) the time. 


art—4 a a Z= 
By the foregoing — — 285 therefore 2+ "Js * 7 1 4 


Wherefore from the fas of 4 ſubtract the Log. r—1 ; to the | 
number anſwering to the remainder add the given amount, 
and from the Log. of thefſum ſubtract the afore-tound remain. 


der, this ſecond remainder divided by the Log. of r will quote 
the time required. 


Example. In what time will an annuity of 34.41. amount 0 L 
614.4327). at the rate of 6 per Cent. per Annum. 


4234.4 L. a=1- 5365584 | 0 
7—1=0.06 L. "i= 3.278113 lala ir 
1 . 
— L. — 84071 | ö 
= 7383333 aud. (3084074 ſur | 
286144327 5 * Jo 
— 21187. 7660 L. —; =30747308 93 y 
„ e 316323701 2. Svea 5 
III. The amount (2) rate of Intereſ (r) and time (i) harr 
given, 10 find (a) the annuity. — * 
The former Equation being reduced . Wbere- | tt 


fore, to the Log. of the amount =, add the Log. of r—1, and 
2 the ſum ſubtratt the Log. of r—1, the remainder is the 
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Example. An annuity forborn 121 years amounts M 6 per 
Cent. per Aunum. to the ſum of 614.4327). how much is that 


9 | 2z=0614.4327 L. 2 222.7884743 L.r=0.0253059 
X #/—1==0.06 n 8.778 E 1. 

5 118.2281312 ond 

2.071685 1.5666256 L. .O. 3163237 
7181.071685 — —_ 

— 1 L. rt — 12. o 300671 


5 3 L. 34.44. the annuity '= L. a=1.5305585 


E IV. The annuity (a) time (t) and amount (2) being given, to 


® nd (r) the rate, 
9 
fl 3 


ut, or in our preſent caſe 16.8614 = 17.861477 —7., 


. . | | 2 | 
In order to find , the former Equation is reduced to Fe 


which is fo affected as not rec lily to be refolved by the general 
method for reſolution of Equations, unleſs we can firſt approach 
it by ſome other means; for which purpoſe take the following 
ZRule, which will ſuffice where great exactneſs is not required. 
—; 


— 6 3 
2 = —— 2. 1 ſ; 5 h 2 
Let = a iy, and let 24 b iy, that 40 fa. 


bis exceeding near the increaſe of the rate, or —1. 
Wherefore take the Log. of the amount, and the complements 
ot the Logarithms of the time and annuity, the ſum (abating 2 


in the tens place of the Index) divide by K 1 — 1; the quotient 
© ſhall be the Log. of 1+y: Then divide 6 by 1, and to 5 
the quotient add twice y ; and to the Log. of þ add the Log. 


F of bay; half the ſum ſhall be the Log. of bb Elf, from 
ZW which ſquare root ſubtract h, the reſidue will be very near the 
increaſe, or 7y—1 : and adding 1, 7 is found. If great exactneſs 


de defired let 7 thus found be aſſumd, and re compared 
with — — 1; will always be greater than it; and dividing 


| 2 | . ge 
the exceſs by 7 — , the quotient added to r ſhall verify as 
many more figures in the rate as were true in the aſſumed r. 


© Example, 
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Example. An annuity of 34-47. forborn 127 years amounts to 10 


614.4328“. required the rate of intereſt allowed. 


2=614.4327 L 2==2.7884743 
ft 125 co. L. tg 8. 9030900 
a= 34-4 co. L. a=3.4634416 3 

e N 215 7505.15 5590.269575 . (1 =. o64039 
— e l 
27 "> 2 EI 36... 0.1230780 | FY b—=3.0478175 
bþ2y . + + « 05725224 L 2522936 

T 1 | . 

Ab 05044333 2 
eee een L. bbo-2by* . 7028055 


e 0. 0599909 


Therefore the rate of Intereſt ſought is 6 per Cent. per Annum. 
After the ſame manner the four Caſes relating to the purchaſe 
of annuities are readily ſolved by Logarithms, and the Theorems 


. * 8 a a a a 
diſcovered with the ſame eaſe ; for a, =» —, , , &c. 
. 


being a ſcale of mean proportionals in the ratio of r to 1, put 
y for the ſum of all the conſequents infinitely continued, where- 


of _ is the firſt, and that ſum will be to the ſum of all the an- 
tecedents whereof a is the firſt, as 1 to , that is 1: :: * 


ry, fo that ry=y+a, and — will be equal to y the value of 3 


the fee, or the ſum of all the mean proportionals leſs than 4. 


And by the ſame Rule 


tx 
lets than = or the value of the reverſion : and ſubtracting the 
by 0 r — r i | | 


a 


R ' 5 a , | 
one ſum from the other CO will be equal to 2 the 


&b::. _— OW 
ſum of all the means, whereof 7 * the greateſt, and 7 — _ WW 


1 f 
I. The annuity (a) time (t) and rate of intereſt (r) being given, 
to find (z) the preſent value. | 


a 


a 
The preſent value 2 — ———==q ; therefore ſr 
p | . fore from Log. 


of the annuity ſubtract the Log. of r—1, and from the reſidue 
ſubtract alſo the Log. of vt, the difference of the numbers an- 
wering to the two remainders is the preſent value ſought. 

PL : Example. 


p f 
wo will be the ſum of all the means 


8 


3 Ps ? 8 * 
» N # 2 A Sy ts . 
Dr : fe bs * , . 3 5 2. 
822 8 gt 11 8 — by « : de 8 
n be . $ , oo r N * 1 — 66 Y $ 7 Vile : mee I % 
| off - k _ >.” * os Was. ot th, W — . d * "Wb N r 5 x a > 4 * 
„„ rc re e 
= — N " 
Ts. ' 
* 
— Y 
a 7 
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Example. What is 70l. per Aunum to continue 59 years worth 


in preſent money, at the * of 5 per Cent. per Annum. "way 
7 a==70. _L.a=1.8450980 = 11893 . 
1—12 0.05 we. L. —— - =8. 6989700 JW) j= #* © „ „ | Kae 
. L. fee 3. 1461280 wh 1907037 
Fee 1400]. 2 109465 


Reverſion 78.6921. L. t=1.2501687 05 
a / 697 L. rever. . 8959593 L. = 1. 2501687 


82 1321. 302810. the preſent value ſought. 


II. The annuity (a) preſent value (z) and rate of intereſt (r) 


being given, to find (t) the time. 15 
Now re will be equal to —= (or the Fee) divided by the 


77 - 33 a 
vuoalue of the reverſion, that is 3 3. Wherefore from the 


Log. of the annuity, ſubtract the Log. of — 1; the number 

anſwering to the remainder will be the value of the fee; from the 
fee ſubtract the preſent worth, the reſidue is the value of the re- 
verſion. Take the Log. of the reverſion from the Log. of the 
fee, and divide the reſidue by the Log. of r, the quotient will be 
[ the number of years ſought. | | 
Example. In what time will an annuity of 7ol. per Annum payſ ase of 
off a debt of 1321.3028/. allowing the Creditor 5 per Cent. pen aa for 
Annum. | 


282 


iN a=70 | L.a=1 .84509 30 | 
lte 7208 N 0.05 4 L. r—1 =8.698 9700 ] Seb br 
WM. Fee=1400 L. fee=3.1401250 
| 5 1 . 3 028 | | 4 ub 
i a L. rev. 21.893939 3 11 


J. or Atbid. by hL.r=0.0211893)1.2501687 ears=t. 
Wd am 9411-2501687(59 years 
III. The preſent value (2) rate of intereſt (r) and time (i] being 
= given, to find (a) the annuity. Eg n 

The former Equation may be reduced to this proportion, as 


1 2 

* os 
F 3 0 
4 4 


= to, ſo is 1 to @ the annuity ſought. 


— — 


Wherefore to the complement of the Log. of = add the 


2 Logarithms of z and of , the ſum ſhall be Log. of a: 
== CG 2 p Example 


—— WO rn COT SP AY See — — 
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Example. What annuicy to continue 39 years can be pur- 
chafed for 132 1. 302 81. at the rate of 5 per Cent. per Annum. 


5 8 
—=0.0562123 | L. r=0.9211893 


SDS — 


1 . 9437877 00. L. 1— 20. 0251257 L. t 1. 2501687 


8 
1 
11 
. 
_— 
2 
_ 
—_L 
008 
Dl Vote ”Y 
3 
1 
++ * . 
* 1 
9 * 
„ 5 
» FEAT 
; e 
4 77 
8 


5 


S132 1.3288 T2. . 31210023 1 We. 
Y—1:=0.05 IL. r—1 =8$.6989700 L. 128.7498313 


L. (70l.=) a the annuity ſouglit 1. 8450980 


IV. The annuity (a) preſent value (z) and time (i) being gi- 


ven, io. find (r) the rate of intereſt. | h 
This Problem being more difficult than appears at firſt 


fight, and requiring the ſolution of this Equation —= — - 


t+r 


. to which it is reduced; there mult be applied ſome me- 


* 


thod of approaching the root +, which is by no means evident: 


And that approximation as the number of years and rate are 
greater or leſs, cannot properly be obtained by one general rule; 
but rather by two, according as the value of the reverſion 1s 
greater or leſs. - * 

If the number of years be great (as ſuppoſe 40 or upwards) 


and eſpecially if the rate of intereſt be high 1+ — will be nearly 


$+Þ8 3 , a 


the rate, or more accurately —— —— * ; call it 2; and 


S { STS - # 


HxXr—}1 


let be x; then 14 —— ſhall approach the true rate ſufficiently. | | 


But if greater exactneſs be defired, by repeating this proceſs it 


will be obtain'd. Hence this rule: From the Log. of a, and 


— will be exceeding near the value of the reverſion, which | 


alſo from the Log. of z+a, take the Log. of x, this latter re- 4 


mainder ſhall be nearly the Log. of the rate: Multiply that Log. 


by t, and the complement of the product add to the firſt re- 


mainder; the decimal fraction anſwering to the ſum taken from 
the former rate ſhall give a more correct rate. With this rate 
ſeek x the reverſion after the time given, which add toz; then 


to the complement of the Log. of x, add the Log. of a, the 


ſum ſhall be the Log. of the increaſe or of 7—1 ſufficiently near, 


Example. 


—— =1.052978 


N «# 
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Þ prompt. If 2321-30287. is paid for an annulty of ot. gr 4v 
zum for 59 years to come, what is the rate of intereſt allowed 


the Purchaſer ? 
o h L. a=t.8450989 I. e 1434217 
* $==1321.3028 | LZ 31210023 Lg... (+ 31210023 
. 8.724095) 


1 
by 


3255 = 0.0224194. 


co. t L. fans, :$.0772554 59 


| Log. of 9.09202 « « 6 40 0X S . 7.301311 ; "2017746 
c ' Firſt r=51.050758  Lr==0.0213787 | 1120970 
5 e (LETS = 1.3227446 3227446 
1 e EE - £255/440 

T2144 8 5 7386567 
zee Fes L.. 2011423 co. L. —1=21.2970700 

4 co. L zÞx5-5547088 L.a=1.8450980 

| 7 La . . . 1.8450980 L. =I. 8808247 
51. 005096 L.r—1 3.599808 


5 So that the rate of intereſt ſought is 5 per Cent. per Annum. 
If the number of years be ſmall, the aforeſaid Rule will avail 
e, 2 this caſe it will be requiſite to approach the rate thus. 


YH at 
Lt + be the Index of a root of 7 from which root ſub- 


77 


bad 1, and the remainder call y, and let , __ be called b. I fay, 


| that b — bb-2b) p20 f5! is ſufficiently near to = and will be Rill 
hearer the truth, as the number of years is ſmaller 3 and that the 
as will be always in exceſs. Hence the Rule : Divide the 


82 


, and from the number anſwering to the 


A E * 13 Jouble the remainder, and ſubtract it from 


z that is from the quotient of 6 divided by /—1; co the 
Logarithm of this remainder add the Log. of þ ; then the num- 


ber anſwering to half the ſum of thoſe Logarithms taken from 
will leave 7—1 the increaſe of the rate fought, 


7 


„ 
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Example. An annuity of 201. per Aunum, to continue 21 1 
SD | F 0 5 cars, \ el 
is fold for 220/, required the rate of intereſt allowed 34 pur- 


chaſer. 


a= 20 LEL.a=1.3010300 
12 21 I.. 221.3222193 
22220 oo. L. 22.657 5773 


* /+1=11)0.2808266(0.0255297=L.(1F5=)1.060546 
| 2y=0.121092 - 


LES L. 529.4771213 
3 | L. b—2y=9.2526298 
2 27 © ++ . 0.121092 17292811 
29. 6175905 L. 25719. 364875 


N25 2 22 » 0.231673 
Now 5 250.5683272 I 
Therefore 7 = 1,068 327 the rate ſought. 


The rate 7 thus found is always ſome ſmall matter too big, the 
true rate being 1.068 14; but as the number of years are fewer, 


the error becomes inſenſible. If greater exactneſs be required, 


"will be eaſy by the general method for the reſolution of Equa- 
tions, having ſo near an approximation to proſecute this enquiry 


as far as you pleaſe. But this ſeems abundantly ſufficient for uſe, | 


which is our principal defign in this place. 
Laitty, By way of Corollary to the former. Let it be required 


to find the rate of intereſt allowed the Purchaſer when he pays a a 
ſum 8, for an annuity =a, wherein he has already a term t, 


to have it prolong'd for a certain time x. 


Example. An annuity of 20. per Annum being in poſſeſſion | . 
for the term of 21 years, and for 40l. paid down, it can be pro- 7 


long'd for 10 years more, or to 31 years; what is the rate of 
intereſt required ? 


Put T=2i4-x41, and 4T ſhall be the Index of a root of 


— i 


6T-+0 
Nos 


* 
. Let be equal to 1 N-, and 
2 v 


| K 
is very near to þ— 2 


4 


A 2 Ws 
— r 
—— — i 
. 4 = 
* rn Iu N br” 
% l o 


A ww 


=b, Ifay 7—1 


: PA 


iy , "=" . 1 3 % Yn 5 
Rr 


- i» 26 


1 d 8 
* Þ 
VOID LA oh ne: 


e 


y 
3 


he, 
x N * 
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Þ 


= 


LF 
1 
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A * 20 L. a =I. 3010300 
10 L. x=1.00G0000 
Oo co. L. 2 8. 3979400 


g :7=26.5)0.0989700(0.0263762=L.(145=)1.062616 


# 22. 123232 
— 6745 
; —_— _— = 3.24 I.. b=0.5105450 
C I. 252.4934287 
: | 1.003970 
. . 122% I. 5 25 =0.5019853 


. 2 . 063233 1 
; Therefore r= 1.063233 the rate ſought. 


24820 Lag =I. 3010300 I. . o266284 
2 7--1=0.063233 co. L.r—1=1.1990562 21 
4 co. L. t 9. 4408036 266284 
KRever. 87.275. L. rev. t. 940889 532568 
= co. L,r*=9,7337160 L,rt=0.5591964 
Rever. 47.2722/. L. rev. = 1.6746058 
; 1 40.00237. the value ſought. 
2 Thus it appears that 4ol. and about three farthings is the 


true value of the difference of the reverſions at the rate of in- 
1 thr before found; by which it may be judged how near an 
approximation the foregoing Rule affords towards finding the 
Fate of intereſt, when the value of an annuity for a term of years 
to commence after ſuch a diſtant time is propoſed. 


= — — 


. 


Of the Table of Natural and Logarithmic Siner, 
3 Tangents and Secants. ; 


H E natural Sines, Tangents and Secants, are every where 
in the columns next to the minutes, and ſign'd with N. as 
WW their Logarithms are with L. in the adjoining columns 5 
At the top if the arc is leſs than 45 degrees, and at the bottom if 
greater, as far as 90 degrees; and the differences of the TOS 
2 — 
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Sines, Tangents, and Secants, are common to the Logarithm e 
on both foes, and thoſe Logarithms (abating 1 in the tens 
place of the Index) are mutually complements to each other; 
fo that by this Table, the complement of any Log. Sine, Co-ſine, 
Tangent, Co-tangent, Secant, and Co-ſecant, is as readily taken, 
as the Log. Sine, Co-ſine, Sc. itſelf to every minute of every 
degree of the Quadrant. | 
But if the complement of a Log. Tangent above 45 degrees, 4 
or of a Log. Secant is taken; then 2 will be to the left hand þ 
of the ſum (that is, in the tens place of the Index) to be abated, ' 7; 
inſtead of an unit, _ "7% 


I. To find the Sine, Co: ſine, Tangent, Co-tangent, Secant, and ; 
Co-ſecant of any Arc to go degrees, either natural or lagaritbmical. 


Seek the number of degrees at the top or bottom of the Table; 
and the minutes on the left hand downwards, or on the right 
hand upwards, and even therewith is both the natural and the 
logarithmic Sine, Co- ſine, Cc. to be found in it's proper "© 
column. K 

But if the arc contains any parts of a minute, intermediate 
to thoſe found in the Table: Take the difference between the 5 
Sines, Sc. of the given degrees and minutes, and of the mi- 
nute next greater. Then as 1 is to that difference, ſo is the 
given intermediate part of a minute in decimals to a fourth; there. 
fore multiply that difference by ſuch decimal part, and add the 
product to the Sine, Tangent, and Secant, or ſubduct ic from the 
Co: ſine, Co-tangent and Co-ſecant, of the given degrees and 
minutes, the ſum or remainder will be the Sine, &c.. required. 1 

When any ſexageſimal parts are given of a lower denomina- 
tion than minutes, they may be reduced to the decimal part of 2 

minute, by the Table at the end of the Verſed Sines. oy 


Example 1. To find the natural Sine of 1* 48' 28” 12”, 


The natural fine of 1 ̃ l)) ꝗ ꝛö + + 31701 ;A 4 
The natural ſine of 1® 48' . 1 {0 6... 9: %8 » 314100 4 
The difference 2 R 5 So SY v2 . 5 0 0 a 227 2 
Now 1 : 2907: :(28"12"=) 0.47": 1366, or 2907x0.47'=1 3008 
The natural fine of 19 4. ðͥ᷑ỹ－é2ç) 31410 


The natural fine of 1* 48“ 28! 12 315474 I 
Note, It the diff. 2907 was multiplied by 28.2”, and the 

product divided by 60, the quotient would be 1366, as before. 

Exampl. 


'o# a , "4 
« a * . 
r 
8 * 7 
- 6". 
$53 $25 
8 Coane 

. 


% 7 
2 ATP . 
3 2 44 bY k 
9 . oF 
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5 Example 2. To find the Log. Sine of 1* 48 ?28”” 127”, 
1 he Log. ſine of 19 TT. ͤ o4 £6.45 8.4970784 


Fhe difference given in the Table is 40014, and 
wultiplied by o'. 47 (=28" 12 


. . 18807 


7 


) produces nearly 


ne Log. fine of 15 48' 28” 12" ,. ....... .. 83.498959t' 


* Note, In theſe ſmall arcs (if exactneſs is required) it would 


he better to find firſt by this Table the natural Sine or Tangent, 


and then it's Logarithm by the Table of the Logarithms of Num- 


Pers. 


| Example 3. To find the Log. Co. ſine of 88 11“ 31” 48% 


; The Log. Co-ſine of 889 11' ,. .... + +» 6.010798 


produces 


Tobe diff. is 400 14, and mult. by o.. 53083 l 48 2120) 


he Log. Co-ſine of 88 11“ 31,48“, . 5.498991 


7 8 f ge" 1 
N Es 


Which is the ſame as the Log. fine of it's complement found in 
v8 „ 


Example 4. To find the Log. Tangent of 25 23 33” 36”. 


he Tangent of 2 2332 Din 


18 


The diff. is 30300, and mult. by 0'.56(==33% 36”) produces 16968 
he Log. Tangent of 25 23“ 33“ 36 8. 0210095 


Or Log. Co- tang. of 87 36 26 24. 


= Note, The Log. Tangent + Log Co-tangent=20.0000000 


Alſo the Log. Sine Þ Log. Co-Secant . . 20.0000000 


XZ Example 5. To find the Log. Secant 29 57' 32" 24”, 


he Log. Sccant of 22 % + » + + e10.0005759 
The diff. is 65, and mult. by 0.54(==32 24%) produces . . . 35 
he Log. Secant of 25 57' 32” 24". . . 0. 0005794 


he Log. Co-ſine of 2 57 32 24 therefore is. . . . 9.999420 
For the Log. Secant and Log. Co- ſine together make 20.0000000 


3x A natural or logarithmic Sine, Co-fine, Tangent, Co-tangent, 


Secant, or Co-ſecant being given, to find the Arc. 


Take the next leſs of the ſame kind found in the Tables, and 
ZWbdud it from that given, obſerving the degrees and minutes 
2 \wering to it; then annexing 2 or 3 cyphers to the r emainder - 
Pee Chap. II. at the end) divide it by the difference between it 
Id the next greater, the quotient will be the decimal part of a 
Pinute to be added to, or ſubtracted from the degrees and minutes 
Pefore found. | 

A decimal fraction may be reduced into a ſexageſimal, by the 
Fable at the end of the Verſed-ſines, Ss 


D Examęle 
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Example 1. Given the Log-ſine 9.8393859 to find the Are. | 
The Log. fine of 430 41' is next leſs 9.8392719 


Ihe diff. between it and next greater 1322)1140,000(0'.862 
Anſwer 43? 410. 862==43* 41 51" 43“. ot 


LF 
- "OP . 
„ 
$ 


Example 2. Given the Log. Tangent 9. 6766687 to find the Arc. 
The Log. Tang. of 25% 24“ is next leſs 9.6765426 | 


The diff. between i it and next greater 3260 j1261,000(0/.387 
Anſwer 25* 247.387 22324 23" 13”. 


Example 3. Given che Log. ſecant 10.204 1 174 to find the Are 
The Log-ſecant of 331 197is next leſs 10. 204109 1 
The diff. between! it and next greater .. 1579)83.0000(0 50526 1 
Anſwer 51? 19,0526=51® 19' 3" 9%. þ 


Example 4. Given the Log. Co- ſine 9. 9994206 to find the Are 
The Log. Co- ſine of 2® 58' is next leſs 9.9994 176 '$ 
The diff between it and next greater 65) 30.000000. 4615 
Anſwer 295 53852 57 32719. 

Note, Here the o'. 4615 is to be ſubtracted from the 20 55% 
firſt found. 


Example 5. Given the Nat. Co-fine 315474 to find the Arc. 
The Nat. Co- ſine of 88 12' is next leſs 3 14-108 


The diff. between 1 it and next greater 290701 366. oOO0Olo. 4699 
Anſwer 8811.532288 1131 48“. 
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The Caſes of ri gbr ined Triangl es, /obved ” | 
Logari thms. 


N this and the next Chapter it | Add the Logarithm of the gi. | | 
is to be obſerved, that when | ven fide to the Sine of the angle 
we ſay the Sine, Tangent, | oppoſed to the ſide required, and 

Sc. we mean the logarithmic from the ſum ſubtract the ſine of 1 
Sine, Tangent, Fc. as found by | the angle oppoſed to the given 
the Table. ſide, the remainder will be the 
5 ; Logarithm of the ſide required, 

Prop. T. Having the angles, and Example : In the Triangle iſ 


one fide, to find either of the SLY Fig. 2. having the angle 
ol ber fides, 


rh FI: 


3 
n 
3 DN 
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g C E zs deg. 4min. and the fide 
5 hes - to find the ſide CE. 


© 2.2051271 Log. of 197.3 | 
| 9 961369 Sine of 51 dep. 56 min. 
| 12. 1912640 Sum N 
99 7899885 Sine of 38 deg. 4 min. 
2.412760 Log. of 251.9278 for C E req. 


Or you may add the comple- 
ment of the Sine of the angle op- 
poſed to the given ſide, to the two 
other logarithms, the ſum (abating 
Kadius) is the logarithm of the 
ide required, as ſhewn in Prop. 
III. Chap. III. And it is to be 
c> obſerved, that the complements of 
the Sines in the Table are to be 
found in the columns of the Co- 
ſecants: For (paſſing over the 
firſt unit) the Co-ſecants of the 
ame arcs, are the complements 
ol the ſame Sines. 
Example. The Sine of 38 deg. 
. 3 min. being 0.7899880, the Co- 
ſecant of 38 deg. 4 min. is 10. 21 
oo t zo, which omitting the firſt 
unit) is the complement of the 


. 4 © 2100120 Co. of Sine of 38 deg. 4 min. 
= 22951271 Log. of 197.3 
== _9-3951369 Sine of 51 deg. 56 min. 
2.12760 Log. of 251.9278, as before 


But if one ſide and the angles 
of a right-angled Triangle be 
known, and you would have the 
other ſide, as in the former Ex- 
* mple, the operation will be ea ſier, 


i. thus; | 
je Add the Tangent of the angle 
1d Oppoſite to the ſide required, to 


he Logarithm of the given fide, 
he ſum (abating Radius) is the 
ogarithm of the fide required. 


22951271 Log. of 197.3 | 
2.127% Log, of 251.9279 as before. 


j Of Right-lined Triangles; 
| CEB go deg. CBE 5 t deg. 56 min. 


f 3 10. 1061489 Tangent of 51 deg. 56 min. 


27 
Prop. II. Having two fides, and 
an angle oppoſite to one of them ; 


to find the other two angles, and 
the third fide. | 


Add the Sine of the angle gi- 
ven, to the Logarithm of the ſide 
adjoining that angle, and from 
the ſum ſubtract the Logarithm 
of the ſide oppoſed to that angle, 
the remainder ſhall be the Sine 

of the angle oppoſite to the ad- 
Joining ſide. | 
Example: In the Triangle 
ABC, Fig. 2. having the fide 
AC 800, BC 320, and the angle 
ABC 128 deg. 4 min. to find the, 
angles BAC ACB, and the ſide AB. 


9.8961369 the Sine of 128deg. 4 min. 
25051500 Log. of 320. . 

12.4012869 Sum 

2.0030900 Log. of 800. 


9 4981969 Sine of 18deg. 21m. for BAC 


Having BAC and ABC, the 
angle ACB is their complement to 
180 deg. viz. 33 deg. 35 min. and 
you may find the ſide AB by the 
| firſt Propoſition, 


Prop. III. Having two i des, and 
the angle between them; to find 


the other two angles, and the 
third fade. 


If the angle included be a right- 
angle, add the Radius to the Lo- 
garithm of the leſſer fide, and 
from the ſum ſubtract the Loga- 
rithm of the greater ſide, the re- 
mainder ſhall be the Tangent of 
the anę le oppoſed to the leſſer ſide, 

Example In the Triangle 
BCE. Fig. 2. having the ſide BE 
197.3, and CE 251.9; to find the 

angles BCE, CBE, and the fide CB. 


12.2951271 Rad. added to Log. of 192.3 
4401278 Log of 25.9. 


. 8938989 Tan. of 38 deg. gz. for BCE. 


-D' 2 | 


But 


28 

Bat if the angle included is ob- 
lique; add the Logarithm of the 
difference of the given ſides to the 
Tangent of half the ſum of the 
angles unknown, and from the 
fam ſubtract the Logarithm of the 
ſam of the given ſides, the remain. 
der ſhall be the Tangent of the 
half of their difference. 

Example: In the Triangle 
ABC Fig. 2. having the fide AB 
562, BC 320, and the angle 
ABC 128 deg. 4 min. to find the 
anzles BAC, ACB, and the fide 
AC. | 

The ſum of the given ſides is 
882, and the difference 242. 


* 2 te half ſum of the angles un- 


Of Right-lined Triangles. 


der is 18 deg. 21 min. for tbe 
lefſer angle CAB. Loftly, Know-. 
ing the angles, and two fides, 


the third ſide may be found by 
the firſt propoſition. 


Prop. IV. Having the three fides ; 
to find any Angle. 


Add the three ſides together, ; 
and take half the ſum, and the 3 


differences betwixt the half ſum 
and each ſide; Then add the com- 
piements of the Logarithms of the 


half-ſum, and of the difference 
between the half ſur and the ſide 
oppolite to the angle ſought, to 
the Logarithms of the differences 0 


 *Yanown, is 25 deg. 58 min. of the half-ſum and the other 
nn ſides; half their ſum will be the J 
2.3833 154 Log of 242 diff of the ſides | Tangent of half the angle re- 2 
_9-687 5402 Tang. of 25 deg· 58 min. quired. 4 3 


12.071356 Sum 
2.945408 Log. of 882 ſum of the ſides 


H. J 258870 Tangent of 7 deg. 37 min. 


Theſe 7 deg. 37 min. being ad- 
ded to 2g deg. 58 min. the half 
ſum of the angles unknown, the 
ſum is 33 deg- 35 min. for the 


um $41 =H 


Example : In the Triangle 125 


ABC, Fig. 2. having the ſide AB 


502, AC 800, and BC 320, co Ap 
find the angle ABC, | 53 


AC Soo H= 841 


co. log. 7.07 52049 IT 


AB=552|H—AC==41.. co. log. 8 3872161 1 
BC=32>{H—AB=279. . log. 2 4455042 WE 
ſum 1652{H—BC= 521 . .- . log. 2.7168377 BY 


ſum 29.6245020 * 'S 


Tang. of 644. 2m half ſum 10 124310 


+” s 1 
45: 
e 
108 * 
== AÞC 
44 
1 
ö od 6s 
1 b 
\ 1 7 F 
1 1 
14 * 


Whole double 128 deg. 4 min is the angle 
ABC - 


NA FP. VII. 1 
The Caſes of Spherical Triangles fokved by Logarithms. 7 2 


| Wy 
E H E Reſolution of Spheri- Of the Right-angled T1 riangles. J 4 
| cal Triangles is to be | N 1 
per formed by the Table | Prop. I. Having the Legs; to find 

of Sines, Tangents and Secants, | the Hypotenuſe. 9 
which we ſhall ſhew by the 28 Pro- Add the Co-fine of one leg, to 
poſitions following, whereof 16 | the Co-ſine of the other leg; the 
are of right-angled, and 12 are of | ſum (abating Radius,) is the Co- 
oblique Triangles ; and firſt | line of the hypotenuſe required. 


Example: In the right-angled | 
Triangle ACB, Fig. 3. having 
„ Ac, 27 deg. 54min.and BC i deg. 
30 min. to find AB the hypo- 
tenuſe. 


2 9 9911927 Co. ſine of 11 deg. 30 min. 
9.9403 371 Co- ſine of 27 deg 54 min. 
9937598 Cline of 30 deg. o min. 
3 for AB required. 

13 


ö Prop. IT. Having the two legs ; | 


Oz ro findeither of the angles. 


Add the Sine of the leg next 
i Loe angle ſought, to the Co- tan- 
gent of the other leg; the ſum 
(labating Radius,) is the Co-tangent 
of the angle required. | 
Example In the right-angled 
Triangle ACB Fig. 3. having AC 
27 deg: 54 min. and BC rr deg. 
30 min. to find the angle BAC. 
1 ; 9.6701907 Sine of next leg 27 deg. 5471. 


19.6915374 Co-tang. of opp. leg 11 & zom. 
10 3617181 Co-tang. of BAC 23d zom. 


0 
| 1 Prop. III. Having the Hypote- 
nuſe, and one of the angles; to 
find the other angle. 


Add the Co-fine of the hypote- 
nuſe to the Tangent of the angle 


is the Co-tangent of the angle re- 
== quired. | 
Example: In the right-angled 
Triangle ACB, Fig. 3. having 
the hypotenuſe AB 30 eg. and 
the angle ABC 69 deg. 22 min. to 
find the angle BAC. 

{i 9.937 5306 Co-fine of Ilypot. AB 30 deg. 
10 4241896 Tangent of ABC gg deg. 22m. 
= 103617202 Co-tang. of BAC 23 deg. 3om. 


9 Prop IV. Having the hypotenuſe, 
* and one of the angles; to find 
the leg next the given angle. 


tenuſe to the Co-ſine of the angle 


Of Spherical 7 riangles. 


given; the fum (abating Radius,) | 


29. 

given; the ſum (abating Radius,) 

is the Tangent ot the leg required. 
Example : In the right-angled 

Triangle ACB, Fig. 3. having 

the hypotenuſe AB 3o deg. and 

the angle ABC Gg dee. 22 min, 

to find the leg BC. 

 9-7614393 Tang. of hyp. AB zo deg. 

| 95470188 Co-ſine of ABC 6g deg. 22m. 

| 93084581 Tang. of leg BC 11deg. zom. 


Prop. V. Having the hypotenuſe, 
and one of the angles; to find 
the leg oppoſed to the given 
angle. | 


Add the Sine of the hypotenuſe 
to the Sine of the angle given; 
the ſum (atating Radius,) is the 
Sine of the leg required. 

Example In the right-angled 
Triangle ACB, Fig. 3. having 
the hypotenuſe AB 30 deg. and 
the angle BAC 23 deg. 30 min. to 
find the leg BC. 


g. od yoo Sine of hyp. AB 30 dew. 
9.60>6997 Sine of BAC 23 deg. 30 Min. 
9-2yg00y7 Sine of leg BC 11deg. 30 min. 


Prop. VI. Having one of the 
legs, and the angle next it; to 


find the hypotenuſe. 


Add the Co-tangent of the gi- 
Bone leg, to the Co-ſine of the an- 

gle given; the ſum (abating Ra- 
| dius,) is the Co-tangent of the hy- 
potenuſe required. 

Example: In the right-angled 
Triangle ACB, Fig. 3. having the 
leg AC 27 deg 54 mn. and the 
angle BAC 23 deg. 30 min. to 
find the hypotenuſe AB. 


10:2761553 Co-tang. of leg AC 274. 54m. 
0.0523077 Co- ſine of BAC 23aeg zom. 


10. 23855. Co- tang. of hyp. AB 3o deg. 


Add the Tangent of the Mee 


Prop. 


30 


Prop. VII. Having one of the | 


legs, and the angle next it; to 
fad the other leg. 


Add the Sine of the leg given | 
to the Tangent of the angle given; 
the ſum (abating Radius,) is the 


Tangent of the leg required. 

Example : In the right-angled 
Triangle ACB, Fig. 3. having 
the leg AC 27 deg. 54 min. and 


the angle BAC 23 deg. 30 min. | 


to find the leg BC. 


o.5701807 Sine of leg AC 27 deg. 54min. 
0.6383019 Tang, of BAC 23deg. zomin. 
2 — 3084826 Tang. of leg BC IIdeg. zomin. 


Prop. VIII. Having cne of the 
legs. and the angle next it; to 
find the other ang le. 


Add the Co- ſine of the given 


leg to the Sine of the angle gi- 


ven ; the ſum (abating Radius,) is 
the Co. ſine of the angle required, 

Example : Tp the right. angled 
Triangle ACB, Fig. 3. having 
the leg BC 11 deg. 30 min. and 
the angle ABC Gg deg. 22 min. 
to find the angle BAC. 


9. 9911927 Co- ſine of leg BC 119dep. zom. 
9.97 12084 Sine of ABC 6y deg. 22 min. 


9.962401 1 Co- ſine of BAC 23 deg. z min. 
Prop. IX. Having one of the legs, 


and the angle oppoſed unto it ; 
to find the hypotenuſe. 


Add the Radius to the Sine of 


the given leg, and from the ſum |] 


ſubtract the Sine of the angle gi- 
ven, the remainder is the Sine of 
the hypote nuſe required. 

Example : In the right. angled 
Triangle ACB, Fig. 3. having 
the leg BC II deg. 30 min. and 
the angle BAC 23 des. 30 min. 
to find the hypotenuſe AB. 


Of Spherical Triangles. 


19-2096553 Rad. ＋ Sine of 11 deg. zorn re 
T2 Sine of BAC 23 deg. 30 min. 


[ 


9.6989556 Sine of zo deg. for AB reqd. 


Prop. X. Having one of the legs, 
and the angle oppoſed unto it; 
to find the other leg. 


Add the Tangent of the given 
leg, to the Co-tangent of the given 
angle; the ſum (abating Radius,) 
is the Sine of the leg required. 


Triangle AC B, Eig. 3. having 


to find the leg AC. 


10. 3610981 Co- tang. of BAC 23 d. zom. 
9.6701607 Sine of leg AC 27 deg. 54 m. 


to find tbe other angle. 


of the angle required. 


Triangle ACB, Fig. 3. having the 


find the angle ABC. 


19. 9623977 Rad.+Co-ſine of 23 deg 3om. 
_S»g9911927 Oo: ſine of leg BC 11 deg. 30m. 


9:97 12059 Sine of ABC 6g deg. 22 min. 


Prop. XII. Having one of the legs, 
and the bypotenuſe ; to find the 
angle next the given leg. 


Add the Tangent of the given 
teg, to the Co-tangent of the 
hypotenuſe, the ſum (abating 
Radius,) is the Co-fine of the angle 
required. 


Example. 


Example : In the right-angled a 
the leg BC II deg. 30 min, and 
the angle BAC 23 deg. 30 min. 


$.3084626 Tang of leg BC 11 deg. zone. 


Prop. XI. Having one of the legs, . 
and the angle oppoſed unto it; 


Add the Radius to the Co-ſine 
of the given angle, and from the 
ſum ſubtract the Co- ſine of the leg 
given; the remainder is the Sine 


Example In the right. angled 


leg BC r1 deg. 30 min. and the 4 
angle BAC 23 deg. 30 min. to 


495 558 
e 
7 5 
+ es: A 

3 SS - 

Fo #5 
We 
Os 


> Example : In the right-angled 
Tr rianzle ACB, Fig. 3. having 
the leg AC 27 deg. 54 min. and 
the hypotenuſe AB 30 deg. to 
find the angle BAC. 


” 052254326 Tang. of leg AC 27deg. 54m. 
1 2 5606 Co- tatig. of hyp. AB 30 deg. 


 9.9624042 Co-ſine of BAC 23 deg. zom. 


| Prop. XIII. Having one of the 

” lees, and the hypotenuſe ; to find 
* the angle oppoſed to the given 
leg. 


Add the Radius to the Sine of 
the given leg, and from the ſum 
ſbtract theSine of the hypotenuſe, | 

the remainder ſhall be the Sine of 

the angle required. 

; Example : In the right-angled 

Triangle ACB, Fig. 3. having 

the leg BC 1x deg. 30 min. and 

the hypotenuſe AB 30 deg. to 
> find the angle BAC. 
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19.2996553 Rad Sine BC 11 dep. 3om. 


9.6989700 Sine of hyp. AB 3odeg. 


3 g,6006853 Sine of BAC 23 deg. zom. 
Prop. XIV. Having one of the 
lies, and the hypotenuſe ; to find 
ße other leg. 

Add the Radius to the Co fine 
of the hypotenuſe, and from the 
ſum ſubtract the Co-ſine of the 
given leg, the remainder is the 
Co-fine of the leg required. 

3 Example : In the right-angled 
Triangle AC EB, Fig. 3. having 
the leg BC 11 deg. go min. and 
the hypotenuſe AB 30 Yee. to 
find the leg AC. 


19.9375306 Rad. + Co- ſine of AB 3odeg. 
9-9911927 Co-line of leg BC 11deg. 30%. 


* ˖ T 
IE N 
g —— — 


99363379 Co- ſine of leg AC 27dep. 54m. 
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Prop. XV. Having the angles ; 
to find the hypotenuſe. 


Add the Co-tangent of one ob- 
lique angle to the Co-tangent of 
the other oblique angle; the ſum 


| (abating Radius,) is the Co-ſine of 


hypotenuſe required, 

Example : In the right.angled 
Triangle ACB, Fig. 3. having 
the angle BAC 23 deg. 30 mix. 
and the angle ABC Godeg. 22 min. 
to find the hypotenuſe AB, | 


10.3616g81 Co-tang, of BAC 23 deg. zom. 
9-5758104 Co-tang. of ABC 69 deg. 22m. 


— > 


9-937 5085 Co- ſine of hyp. AB 30 deg, 


Prop, XVI. Having the angles ; 
to find either of the legs. 


Add the Radius to the Co-ſine 
of either oblique angle, and from 
the ſum ſubtract the Sine of the 
other oblique angle, the remainder 
ſhall be the Co-ſine of the leg op- 
poſite to the angle, whoſe Co- 
{line was taken. 

Example : In the right-angled 


[Triangle A CB, Fig. 3. having 


the angle BAC 23 deg. 30 min. 
and the angle ABC 6g deg. 22min. 
to find the leg BC. 


19.962397 Rad +Co-ſine of BAC 23d 30 
9:9712034 Sine of ABC 6p aeg. 22 min. 


—— 


9.99118p3 Co-line of leg BC I 1des. zom. 


6 


Of Oblique Triangles. 


Prop. XVII. Havins the three 
ſides to find any of the angles. 


Add the three ſides, and take 
half the ſum, and the difference 
between the half ſum and the ſide 
oppoſite to the angle ſought, Then 
add 
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add the complements of theSines of | 
the other ſides, to the Sines of the 
half ſum and of the ſaid diffe- 
rence; half the ſum of theſe four 
Logarithms is the Co-ſine of half 
the angle required. | 


Example In the Triangle 
SZP, Fiz. 4. having the fide ZS 
40 eg. PS 7o deg. and PZ, 38 
deg. 30 min. to find the angle 
ZS. | 


d. m. | 
PSS o o Comp. of it's Sine £.0270142 
FZ=38 zo Comp. ot it'sSine o. 20968505 
ZS rA 9 Sine of half ſum 9.983 385 
Sum 1 Sine of ditf ... - 9.7593579 
2 Co- ſine 15d. 47m. 9 9833015 
Diff. 34 151 Whoſe double 31d. 34m. is 
bs required. 


Prop. XVIII. Havine the three 
angles; to find any of the ſides. 


Let the angles be changed into 
tides, taking the ſupplement of the 
greater; then the operation, ſhall 
be the ſame as in the former Pro- 
poſition. 


Prop. XIX. Having two ang les, 
and a fide oppoſed to one of 


them; to find the fide oppoſed 
to the other angle. he 


Add the Sine of the fide given 
to the Sine of the angle oppoſed 
to the ſide required, and from the 
ſam ſubtract the Sine of the angle 
oppoſed to the ſide given, the re- 
mainder ſhall be the ſine of the 
fide required. 


Example In the Triangle 
S ZP, Fig.' 4. having the angle 
S ZP 130 deg. 3 min. 12 ſec. 
SPZ 31 deg. 34 min. 26 /ec. and 
the fide Z. 8 40 deg. to find the 


19 919829 Sum 


gent of the other angle given, the 


0.880675 Sine of ſide Z8 40 dep. 
98939145 Sine of SZP 1; od. 2 


— — 


9.7189976 Sine of SPZ 3 1d 34m. 26ſec. 


95729844 Sine of 70 deg. for PS reqd. 


Prop. XX. Having two angles, 
and a ſide oppoſed to one of 
them ; to find the fide between 
the angles given. 
Let a perpendicular fall from 
the angle unknown, upon it's op- 
poſite ſide : Then add the Co-fine 
of the given angle next the given 
ſide, to the Tangent of the given 
ſide; the ſum (abating Radius,) is 
the Tangent of the firſt Arc, com- 
prehended between the given an- 
ole next the given ſide, and the 
ſegment of the ſide where the 
perpendicular falls. 
And the fecond Arc compre- 
hended between the ſame ſegment 
and the other angle, is to be found 
thus: Add the fine of the Arc 
found, to the Tangent of the given 
anzle next the given fide, and 
from the ſum ſubtract the Tan- 


remainder ſhall be the Sine of the 
ſecond Arc. 
The ſum or difference of theſe 
two Arcs will be the fide required. 
Example : In the Triangle 
SZP, Fig. 4. having the angle 
Z PS 31 deg. 34 min. 20 ſec. ZSP 
o deg. 28 min. 12 ſec. and the 
fide PZ. 38 deg. 30 min. to find 
the ſide 8 P. ä 
9.9304.222 Co- ſine of Z PS 31˙3 “ 200 
o. o οε Tang. of PZ. 38 300 
9.53 (02/4 Tang. of 33 7% for PR 
GP; : PR 8 lt Arc 
7489637 Sine o 2 7 
0 50 1 5 Tang. Z PS 12 5 19 4' 26" 
19.5375 350 Sum 
9.769628: Tang. of ZSP 3c2 29 12" 
97079103 Sine of ;5? 523 for SR 


ſide PS, 
4 


| 2d Arc 
Now 


3 Now in oo 
Fo 88 35 deg. 52 mn. (the ſecond 
Arc) the fam is 70 deg. for SP re- 
"avired, Bat when the perpendi- 
AEular falls ont of the Triangle, 
She difference of the two arcs will 
pe the fide required. 
prop XXI. Having two angles, 
2 and a ſide oppoſite to one of them; 
XZ to find the third angle. 


min. (the firſt arc) 


— — 


Let a perpendicular fall from 
the angle unknown, upon it's op- 
8 poſite ſide: Then add the Co- ſine 
of the given fide to the Tangent 
Jof the adjacent angle; the ſum 
(abating Radius) is the Co-tangent 
ol the firſt angle to be found, com- 


Y 7 the pt rpendicular. 3 a 
And the ſecond angle, compre- 
bended by the perpendicular and 
the fide unknown, is to be found 
thus: wie rr 
Add the fine of the angle 
found, to the Co- ſine of the given 
angle oppoſed to the given ſide, 
and from the ſum ſubtract the Co- 
= ſine of the other angle given, the 
= remainder ſhall be the fine of the 
ſecond angle. 
The fum or differen 
two angles will be the angle 


re- 
gquired. 3 


8Z P, Fig. 4. having the angle 
ZPS 31 deg. 34 min. 26 ſec. ZSP 
30 deg. 28 min, 12 ſec. and the 
8 fide PZ 38 deg. 30 min. to find 
the angle SZ P. 


98935444 Co-ſine of PZ, 380 zo 
= y.7885756 Tang. of ZS 31? 34 26 


9.6821 200 Co- tang. 


* | 


of 64 18' 50% 
for PZR 1ſt angle 


2 


prehended by the given ſide and 


Example, adding 


— — 


ce of theſe | 


| 


Example In the Triangle 


4 | 33 
9.9543 t26 Sine of PZR 6% 18' 507 
9.93 54567 Co-line of Z.SP 30® 2Y' 124 

19. 3992693 um 
9.9304222 Co-fine Z. PDS 319 34, 26” 
9.9598471- Sine of 65? 44' 23 for 
| 8 12. EUN? 8 ZR ad angle. 


Now in this Example, adding 
PER G4 deg. 18 min. 50ſec. (the 
firſt angle) to SZR Gg deg. 44min, 
2 3 ec. (che ſecond angle) the ſum 
is 130 deg. 3 min. 13 ſec. for the 
angle SZP required. But when 
the perpendicular falls out of the 
Triangle, the difference of the-twa 
angles will be the angle required. 


Prop. XXII. Having two fades, 
and the angle between them ; 
to find either of the other an- 
gs. 


Let a perpendicular fall from 
tke unknown angle not required 
upon it's oppohte fide ; Then 
add the Co. ſine of the given an- 
gle, to the Tangent of the given 


| ſide oppoſed to the angle required, 


the ſum (abating Radius) is the 
Tangent of the firſt arc, compre- 
hended between the given angle 
and the ſegment of the given ſide 
where the perpendicular falls, 
And the fecond arc is the diffe- 
rence of that fide, and the firſt 
arc, being comprehended between 
the fame ſegment, and the angle 
required. | 7 | 
Now add the Sine of the firſt 
arc, to the 'Tangent of the 
iven angle, and from the ſum 
FabtraQ the Sine of the ſecond 
arc, the remainder ſhall be the 
Tangent of the angle required, 
Example: In the Triangle 
SZP, Fig. 4. having the fide PZ 
38 Jeg. 30 min. PS 70 deg. and the 
angle ZPS 31 deg. 34 min. 26ſec. 


to find the angle Z8P. 
E ; Co- ſine 


3 
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_ 9:9384222 Co-ſine of ZPS 31% 26” 
| —_— Tang. of ZP 35 30 


9.83102)4 Tang. PR 3477 iſt arc. 


7489630 Sine of PR 34? 74 
9.788576 Tang. of ZS 31 34 26% 


19. 5375385 Sum 
9-7679115 Sine of SR 35? 52'5 ad arc 


9.769627 1 Tang. of 300 28! 12“ for 
| 28 required 


To find both the angles unknown, 


Add the complement of the 
Sine of half the ſum of the given 
ſides, the fine of half their diffe- 
rence, and the Co-tangent of half 
the angle given together; the ſum 


PS=70? OPS —70? oCo. of fine 2 ſum 0.0 
Sine of £ diff, 
228 10. 5486352 
Tan. 49*47" 30” 10.07 29817[Tan. 801542 10.765412 


Half the ſum of the angles required is.. $0? 15' 42” 
+ZSP-=15 47 15 Half the difference is Ef OY 


The greater angle SZP iss, 


PZ==3g 30|PZ—38 30 
Sum 108 3o[Diff. 31 30 
Sum 54 15 Diff. 15 4 
Angle PS 310 34 26 


: 


— 


(abating Radius) is the Tangent of 
half the difference of the angles 
required. | 

Add alſo the complement of the 
Co-ſine of half the Sum of the gi- 
ven ſides, the Co-ſine of half their 
difference, and the Co-tangent 
of half the angle given together; 
the Sum (abating Radius) is the 
Tangent of half the ſum of the 
angles required, | 


Then add the half difference of 
the angles required, to their half 


ſum, and you will haye the great- 
er angle; and ſubtract the halt- 
difference from the half-ſum, and 
you will have the leffer angle re- 
quired, the ſame as in the former 


| operation, 


9067 19 Co. of cs. ſum 0.2334015 
9.4336 746 Co- ſine of diff 9. 9833805 
-tang. 3. PS 10. 5486352 


«424335 349 4232. 
+» + . 130 3 12 


The leſſer angle ZSP is as before. . . .zo 28 12 


Prop. XXIII. Having two fides, 
and the angle between them ; 
to find the third fide. 


Let à perpendicular fall from 
either of the angles unknown, 
upon it's oppoſite ſide : Then add 
the Co-fine of the given angle, 
to the Tangent of the ſide from 
whoſe end the perpendicular js 
let fall: the ſum (abating Radius) 
is the Tangent of the firſt arc, 
comprehended between the angle 
given, and the ſegment of the 
ſide where the perpendicular falls. 
Ad the ſecond arc is the diffe- 
_ rence of that ſide, and the firſt 
arc, being comprehended between 
the ſame ſegment and the end of 
the ſide required. 


Now add the Co-ſine of the ſe- 


cond arc, to the Co-ſfine of the 


ſide from whoſe end the perpen- 
dicular falleth, and from the ſum 
ſubtract the Co-ſine of the firſt 
arc found, the remainder ſhall be 
the Co- ſine of the fide required. 
Example : In the Triangle 


{ SZP, Fig. 4. having the ſide PZ 


38 deg. 30 min. PS 70 deg. and the 

angle ZPS 31 deg. 34 min. 26 /cc. 

to find the fide Z;S. 
9-9304222 Co: ſine Z. PS 314. 34m. 26. 


2.900605 2 Tang. of PZ. 38d. zom. 


9.8310274 Tang PR 344.) zm. iſt are 
9.893 7444 Co- ſine of PZ, 38d. 30m. 
9. 9086444 Co- ſine of SR 35d. 524m. 
VO ONS 2d arc 


19.8021888 Sum | 
9.979336 Co. ſine of PR 34d. 72m. 


— ů — iſt are 
9.884255 Co-line of 40d, for Z8 req, 


Prop. XXIV. Having two fides, 
and the angle oppoſed to one of 
them; to find the angle oppoſed * 
to the other fide. © | 


= Add the Sine of the angle gi- 
ven, to the Sine of the ſide oppoſed 
the angle required, and from the 
= ſum ſubtraR the Sine of the ſide 


= oppoſed to the angle given, the 


remainder ſhall be the Sine of the 
= angle required. 


Example In the Triangle 
= SZP Fig. 4, having the ſide PS 
= 70 deg. ZS 40 deg. and the angle 
82 Pi zo deg. 3 min. 12 ſec. to find 
the angle ZPS, 


0.3339145 Sine of SZP 13odeg. 3 m. 12ſec, 
0.8080675 Sine of ZS 40 deg. 


I9.6019820 Sum 
9. 72988 Sine of PS 70 deg. 


9.7189 Sine of ZPS 314. 34m 26/. req. 


Prop. XXV. Having two fades, 
and the angle oppoſed to ene of 
them ; to find the third fide. 


= Let a perpendicular fall from the 
= angle between the ſides given, 
upon it's oppoſite ſide : Then add 
= theCo-ſine of the angle given, to 
the Tangent of the given {ſide 
= next that angle; the ſum (abating 
Radius) is the Tangent of the 
= firſt arc, comprehended between 
the given angle, and the ſegment 
of the ſide where the perpendicu- 
lar falls. 

Now the 2d arc comprehended 


between the ſame ſegment, and the 


end of the fide required, is to be 


found thus: Add the Co-ſine of 
the firſt arc, to the Co-ſine of 
the given ſide oppoſed to the an- 
gle given, and from the ſum ſub- 


track the Co-ſine of the other fide| E 2 
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| 93310274 Tang of PR 34d. Im. 30 22 


35 


given, the remainder ſhall be the 
Co- ſine of the ſecond arc. 

The ſum or difference of theſe 
two ares will be the ſide required. 


Example In the Triangle 


| SZP, Fig. 4. having the fide PZ 


38 deg. 30 min. 8 Z 40 deg. and 
the angle SPZ 31 deg. 34 min. 26 
ſec. to find the fide PS. 


9. 93 04222 Co- ſine of SPZ. 314. 34m. 26 
* Tang. of PZ. 38 — bo min. K 


—— iſt arc 
9-9179336 Colne of PR 344. 7m. zo ſec. 
9,8842549 Co: ſine of SZ 40 deg. 37 

19.802 1856 Sum 


9-893 5444 Co- ſine of PZ. 38 deg. 30 min. 


9. 9080432 Co · ſine of SR 354. am. zofec. 
| 2d arc 


Now in this Example, adding 


| PR 34 dee. 7+ min. (the firſt arc) 


to SR 35 deg. 52+ min. (the ſecond 
arc) the ſum is 70 deg. for PS 
the ſide required. But when the 
perpendicular falls out of the Tri- 
angle, the difference of the two 
arcs will be the fide required. 


Prop. XXVI. Having two fades, 
and the angle oppoſed to one of 
_=_ ; to find the angle between 
them. 


Let a perpendicular fall from 
the angle between the ſides given, 
upon it's oppoſite ſide ; Then add 
the Co-ſine of the given ſide next 
the given angle, to the Tangent 
of that angle; the ſum (abating 
Radius) is the Co-tangent of the 
firſt angle to be found, compre- 
hended by the given fide next the 
angle given, and by the perpen- 
dicular. | Pe” 

Now the ſecond angle com- 
prehended by the Perpendi- 
cular, and the other given fide, 
18 


UC me _ —— 


$6 


is to be found thus: Add the Co- 
fine of the firſt angle found, to 
the Tangent of the given ſide next 
the angle given, and, from the 
ſum ſubtract the Tangent of the 
other given ſide, the remainder 
ſha]l be the Co- ſi ne of the ſecond 
angle to be found. 

'The ſum, or the difference of 
the firſt and ſecond angles, ſhall 
be the angle required. 


ö 


Fxample In the Triangle 
SZ P, Fig. 4. having the ſide PZ. 
38 deg. 30 min SZ, 40 deg. and 
the angle SPZ. 31 deg. 34 min. 
26 /ec. to find the angle SZP. 


9. 893 £444 Co-fineof FZ 38 deg zo min. 

9 7585756 Tang of SPE 314.34m 26 ſec. 

9 6821200 Co-tang. of PZR 64d. 18. 50f. 
| iſt angle. 
p. zo ad Co ſine of PZR 64d 18m. 50/ec. 
9.9006052 Tang. of PZ 38 deg. 30 min. 


E — et. 


19.537 5348 Sum 
9.938135 Tang of SZ 40 deg. 


9.6137213 Coſine of SZR 654d. 44. 23ſec 

| | __ © 20 angle 

Now in this Example, adding 

PZR Ga deg. 18 min. 50 ſec. (the 

firſt angle) toSZR Gg deg. 44 min. 

23 ſec. (the ſecond angle) found, 

the ſum is 130 deg. 3 min. 13, ſec. 
for SZP the angle required. 


Prop. XXVII. Having two an. 
gles, and the fide between them; 
to find either of the other ſides. 


Let a perpendicular fall from 
that angle given which is next the 
fide required, upon it's oppoſite 
ſide : Then add the Co. ſine of the 
given ſide to the Tangent of the 
given angle oppoſed to the ſide 
required ; the ſum (abating Ra- 
dius) is the Co-tangent of the firſt 
angle to be found, comprehended 
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by the given ſide, and the per- 


pendicular. 
And the ſecond angle is the 
difference of the firſt, and the gi- 
yen angle next the ſide ſought, 
being comprehended by the per- 
pend icular, and that fide. | 


| Now add the Co-ſine of the 


firſt angle found, to the Tangent 
of the ſide given, and from the 
ſom ſubtract the Co-fine of the 


| ſecond angle, the remainder ſhall 


be the Tangent of the fide re- 
quired. e 

Example: In the Triangle 
SZP, Fig. 4 having the angle 
SPZ 31 deg. 34 min. 26 ſec. SAP 
130 deg. 3 min, 12 ſec. and the 
ſide PZ, 38 deg. 30 min. to find 
we ge ao ont: ci on 


9. 893 5444 Co ſine of PZ 38 deg zo min. 
9.7885756 Tang. of SPZ. 314. 34m. 26 ſec. 


9.082 140 Co-tang PZR 644. 18m. 5o ſec. 


- 9.9006032 Tang. of PZ 33 deg. 30 min. 


19.5375343 Sum 
9. 6137221 Co: ſine of SZR 654. 44m. 50 
| _ _2dang 
$e9238127 Tang. of SR 40 deg. fide req. 


To find both the fades unknown. 


Add the complement of the 
Sine of half the ſum of the angles 
given, the Sine of half their diffe- 
rence, and the Tangent of half 
the given ſide together; the ſum 
(abating Radius) is the Tangent 
of half the difference of the ſides 
required. | 

Add alſo the complement of the 
Co-ſine of half the ſum of the gi- 


the ſum (abating Radius) is the 


ſides required, 


5 


| Then 


| ' 1ſt angle. 
9 6369296 Co- ſine of PZR 644. 18 5oſec. 


ven angles, the Co-ſine of half | 
their difference, and the Tangent 
of half the given ſide together; 


Ta 1gent of half the ſum of the 


14 
5 
„ 

7 

| = 
, i 


= $2P130 31 

© SPZ 31 34 26 
Sum 101 37 38 
alf fun de 4 49 


Wide Pz. 42 
1 +++ Ip 15 © 


Of Spherical 
Then add the half difference 
of the fides required, to.their half 
ſum, and you will have the great- 
er fide ; and ſubtract the 15 
d. m. | d ; 
mn U 727 130 8 A. of ſine 
SPZ 31 34 26]Sine of hal 


ana 14 Yor arg. of 1 
Half thcir 


Triangles. 37 
difference from the half ſam, and 
you will ha ve the leſſer fide requi- 
red, the ſame as in the former 


operation. 


half 10 o. ooo CO. of cs. half ſum o ee 
fdiff .. . 9.8793 Co- ſine half dif, 9.8 148437 


Diff © 98 28, 35] Tang. of half PZ. 9.5430936 Tang. of half ÞZ 9. 5430936 


5 deg. .. 9 428052 e 101547733 


Half the Sum of the fides e — —ñ—— 2 55 deg. 


difference is . 4 e. 


The greater ſide SP is * + © + + F gs © + + ++ + 70 deg · 
Leſſer ſide SZ is, as before. J deg: 


Prop. XXVIII. Having two an. 
gles, and the fide between them ; 
zo find the third angle. 


Let 2 perpendicular fall from 
either of the angles given, upon 


it's oppoſite fide : Then add the 


Co-ſine of the fide given, to the 
Tangent of the given angle, from 
which the perpendicular does not 
fall, the ſum (abating Radius) is 
the 'Co-tangent of the firſt angle, 


comprehended by the given ſide | 


and the perpendicular. 

And the ſecond angle is the 
difference of the firſt, and the gi- | 
ven angle that the perpendicular | 
fell from, being comprehended by 
the perpendicular, and the fide 
oppoſed to the other angle given. 

Now add the Sine of the ſecond 
angle, to the Co. ſine of that gi- 


ven angle from which the per- 
pendicular did not fall, and from 
the ſum ſubtra& the Sine of the 
firſt angle found ; the remainder 
ſhall be the Co-ſine of the angle 
required. 


Example : In the Triangle SZP 
Fig. 4. having the angle SZP 
30 deg. 3 min. 12 ſec. SPZ, 3 ideg. 
34 min. 26 ſec. and the fide PZ 38 
deg. 3omin. to find the angle PSZ. 


9.893.5444 Co-ſine of PZ 38 deg. 30 min. 
97885755 Tang of SPZ 314. 34m. 26ſec. 


— —S 


96821200, un of PZR 644. 18 2. 50f. 


Iſt 1 
9 9304222 2 Co · ſine of deg. 34min. 26ſec. 
9 9598454 Sine of SZA. 654 44M. 4 ec. 


19 8902676: Sum 
9.9548 126 Sine of PZR 64deg. 18m woke 
iſt angle 


| He 9354559 Co-line of PSZ zod. 28m. req. 


— b 1 


e. VI; 
Of the Table of Natural and Logarithmic Verſed-ſines. 


HE Natural and Logarith- 
mic Verſed-ſines, in this 
edition, are truly correct- 
ed, and ſet nex: one ano- 
ther in columns diſtinctly titled ; 
the degrees throughout the Table, 


* 


are ſet at the top, and the mi- 
nutes number d downwards at both 
ſides of each page, quite on to 
go degrees; ſo that the Verſed- 

| line of either ſort is readily taken 
to 


to every minute of the quadrant, 
and for any intermediate part in 
the ſame manner, as in finding 
the Sine, Tangent, or Secant. 
But ſince the Verſed-ſines are 


not here continued from go de- 


_ grees to 180; and becauſe the 
| Verſed-fine of an arc above go 
degrees may as often be wanted 
28 of an arc leſs than go degrees, 
except in ſome particular caſes ; 
therefore, in ſome meaſure to ſup- 
ply that defect; in the natural 
Verſed- fines, add the Radius ( 
r10000,090} to the natural Sine 
of the exceſs of the arc above go 
degrees, the ſum will be the natu- 
ral Verſed - ſine required; and in 
the Logarithmic Verſed-fines, add 
0. 30 og oo to twice the Log · ſine 
of half the arc, the ſum abating 
Radius (—10.0000900) will be 
the Log. Verſed · ſine required. 


Prop. I. Having two fides of a ſphe- 
ric Triangle, with the angle be- 
tween them, to find the third fade. 


Add the Log. Verſed-ſine of 
the contain'd angle, and the Log. 
ſines of the two ſides together; 
the fum (abating twice the Radius) 
is the Logarithm of a number to 
be found, and added to the natu- 

ral Verſed-ſine of the difference 

of the two given ſides, the ſum 
will be the natural Verſed-ſine of 


the third fide ſought. 


Or when the contained angle is 
above go degrees, add the Log. 
Verſed-ſine of it's ſupplement, 
and the Log-fines of the two ſides 
together ; the ſum (abating twice 
the Radius) is the Logarithm of a 
number to be found, and ſubtract- 
ed from the natural Verſed-fine 


of the ſum of the two given ſides, 


the remainder will be the natural 
Verſed- fine of the third ſide 
ſought. | 


ö 
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the angle ZPS 3 1deg. 34min. 20ſec. 
to find the ſide 28. 


9-1703625 Log Ver. ſine ZPS 314d 34m.26/. 
9.794400 Log. ſine of the fide PZ 384. zom 
9. 9729858 Log fine of the ſide PS 70 deg. 


8. 0374979 Log. of the number . $65,969 
Nat Ver ine diff. of ſides 3 1d. 30m. 1473, 508 


Nat. ver. fine of ſide ZS 40 deg... 


SZ P (Fig. 4.) having the fide PZ 
38 deg. 30 min. ZS 40. deg. and 
the angle SZP 130 deg. 3 min. 
12 /ec. to find the fide PS, 


ment of SZP. 


| 
 9-5520590 Log: Ver ſine VZP49d.56m. 48/. 
97941496 Log. ſine of the ſide PZ 384. ow 
9.808067 5 Log. ſine of the ſide ZS 40 deg. 


9-1542761 Log. of the number.. . 1426,514 
Nat. Ver ſine of ſum of the two j I 
given ſides 78 deg. 30 min. S 021 


— 


Nat. Ver, ſine of the ſide PS 70d. 6579,807 


| | 
| Example 3. In the Triangle 
LPN (Fig. 5.) having the fide LP 
84 deg. 33 min. PN 84 dege 27min. 
and the angle LPN 106 deg. 45 
min. to find the fide LN. 

The. ſupplement of LPN is 


73 deg. 15 min. 


$523603 Log. Ver. fine of 73 deg. 15min. 
: N Log. fine of LP 84 deg. 33 min. 
9. 9979593 Log. fine of PN 84 deg. 27 min. 


0.8483 519 Log. of the number . 7052,643 


Nat. Ver. ſine LP+PN 169 deg. 19816,272 


Nat. Ver. fine of LN 106 deg, BIBT 
H 2 min. 3 5-7 ſec. the ſide wars 12763,62g 


This Propoſition may be very 
uſeful in finding the diſtances of 
places on the Earth, whoſe Longi- 

tudes 


| Example 1. In the Triangle 


23358 


** 
wy 
a 


; Of the Table of 


*Z2zimuth being taken, the Lati. 
tude of the Place may readily be 
© found. 


VJ ͤ ̃ 0 ĩ ͤ OR 00 
8 FFC 


Nudes and Latitudes are known ; 
he diſtances of Stars, whoſe de- 
linations and right aſcenſions, or 
Longitudes and Latitudes are 


naltitudes, or common altitude of 


3 he Sun, and time between the 
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Prop. II. Having two angles of a 
ſpheric Triangle, and the ſide be- 


tween them, to find the third angle 


Let the arigles he changed into 
ſides, and the fide into an angle; 
then do as in the former Propo- 
ſition, and the reſult will be the 
ſupplement of the third angle; 
but If one of the given angles 


known; and conſequently the 
o Stars, or two altitudes of 


Obſervations, or difference of 


K ___ 


the third angle. 


exceed go degrees, take it's ſup- 
plement, and the reſult will be 


* — WWE" 


. 
: 


— 
2 

i « 
1 

* 

* 
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T HIS Table is in this edi- 


the whole in one view, and 
the double column for 10, 


or too miles added to it, and is 
= ſo plainly titled as to want little 
or no explication. 


The Diſtances 1, 2, 3, at the 


top and bottom may be accounted 
10, 20, 30, Sc. and the to, 100, 
= if the minutes of Latitude and De- 


parture anſwering to the Courſe be 


inereaſed in the ſame proportion z 
ſo that if the diſtance conſiſts of two 


ſignificant figures, the difference 
of Latitude, and the Departure, 
1s each to be taken out at twice, 
and if of three figures at thrice. 
The chief deſign of this Table 
is for the ready and exact work. 
ing of Traverſes ; but it may alſo 


de applied to the ſolution of the 


ſeveral Caſes of Plain Sailing. 


tion ſo contrived, as to have 


Ar KR. 


Difference of Latitude and Departure, 
or Traverſe T ABLE. 


| 


— lh. _ 


than four points, or 45 degrees 
or if greater, on the right hand 
upwards, and even with it in the 
double column, fign'd at the top 
and bottom with the diſtance, is 
found both the difference of Lati- 
tude and the Departure. 


Example t. A ſhip ſails S. S. W. 
3 W. 27 miles; the difference of 
Latitude, and the Departure are 
required. 

Find the Courſe 22 points on the 
left-hand fide of each page, and 
even with it in the double columns 
ſign'd 3, and 7, the two figures 
of the diſtance, the difference of 


| Latitude for 30 is 25.732, and 


for 7 is 6.004 z the ſum is 3 1.736 
for the whole difference of Lati- 
tude ; and the Departure for 30 
is 15.423, and for 7 is 3.599, the 
ſum is 19.022 for the whole De- 


2 parture. 
Prop. I. Having the Courſe and | Thus Diſt. Diff. Lat. Dep. 
Diftance, to find the difference 30 25.732. 154423 


F Latitude and Departure. 
Seek the Courſe on the Left-hand 


of both pages downwards, if leſs 


7 2 „ .. 6.004. 9 0 3-599 


— — 


37 miles 31.730 . . 19.022 
Example 


tude; and the Departure at 100 


| Dif. | Diff. Lat. 
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annals 2. A hip fails 8. E. 
40 degrees 148 miles; the diffe- 
rence of Latitude, and the Depar- 
ture ure required, 


Find the Courſe 49 degrees on 
che right-hand ſide of each page, 
and even with it in the double 
columns fign'd co, 4, and 8, the 
difference of Latitude at 100 miles 
is 65.606, at 40 is 26.242, and 
at 8 is 8.248, the ſum is y. oog 
for the whole difference of Lati- 


miles is 75-471, at 40 18 30. 188, 
and at 8 is 6.038, the ſum is 
11. 697 for the whole Depar. 
ture. Thus, 


| Depart. | 

100 +» +» . 05.000 «., « 75-471 

40 2 „** .. 26.242 << ll 
8... 5.248. 6.038 


148 miles 07.090 3 1.697 


Prop. II. Having "ect Courſe $1 
and Diſtances, to find the 455 9 
rence of Latitude, and the 
_ parture, 


Make a Table in the follow. 1 le 
ing manner, and put therein each r: 
Courſe. and Diſtance ;- then find 
the difference of Latitude, and 9 b 
Departure to each Courſe by the at 
preceding, and place them in the ta 
proper column; the difference of . 7 
the ſums of the northings and 
ſouthings, is the whole difference 5 
of Latitude; and the difference of 3 
the ſums of the eaſtings and weſt. 
ings, is the whole Departure. 


Example. A ſhip from the La. 
titnde of 50 degrees North, ſails ® 
according to the Courſes and Di- 
ſtances ſet in the Traverſe Table, 
the difference of Latitude, and 
the Departure are found at the 


bottom. 0 
f b 
] 5 a 
. 4 — — i 
55. The Traverſe T ABLE. : 
TT Me. DMM 
Courſes — — 3 te 
Miles] North | South | Eaſt | Weſt FT 
— N | — WT — — — bb 
8. S. E. E. 79 69.671 [ 37.241 . 
S. E. f E. | 86 54.587 66.499 1 
[S. by W. 1 W. 108 101.687 136.384 e 
S8. 48» W. 112 74-942 | 83.231 11 
N. 859 W. 70 0 6.101 | | 09.734 t 
S. 40% W. 84 64348 153994 | WW, 
6. 101 365.205 [103.720 243.343 N 0 

| 0.10r | 103.720 | | 
EEE. NEE, [Dif Lat. 259.104 Depart. 139.623 | 4 


= 
* 

* 
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This Propoſition may be ap- 


plied in the ſurveying of large 
tracts of Land, as a County, &c 
and was made uſe of by Mr. Nor- 
wood in his meaſuring the diſtance 
from York to London, as the road 
led him, and obſerving the ſeve- 
ral bearings by his Circumferen- 
tor, and finding by ſuch a Table 
his ſeveral differences of Latitude, 
and Departures, whereby he ob- 
tain'd the diſtance between the 
Parallels of London and York 
© pretty near the truth, ſo long 
© ago as the year 1035, as may be 
© ſeen in his Seaman's Practice, 
© fince reprinted for Y. Mount and 
F. Page on Tower-Hill : But if 
= thoſe Bearings had been taken by 
the limb of a modern Theodolite, 
= and lengths all meaſured, accord. 


ing to the method I have ſhewn 


in my Practical Surveying Im- 


proved, it is to be believed, that 


the diſtance between the Parallels 


of Londen and York would have 
been had much truer; for it is 
allowed, that the Needle is not 
in all places parallel, and even 
in ſmall Surveys at Land vari- 
ous, and not to be truſted to; 
whereas if the Cceleſtial Obſerya- 
tion could be depended upon equal 
to that lately taken at the Polar 
Circle, I am apt to believe, that 
by meaſaring with a ſtrong Chain, 
and the care there preſcribed, ſo 
large an arc of the meridian as 
the diſtance of the Parallels of 
London and York, the length of 
the arc of a degree in theſe parts 
might be obtained, as near the 
truth, as it was had at the Polar 
Circle. | 

Alſo in plotting the Survey of 
a County thus taken, the circuit 
ſtation-Iines ( tho* conſiſting of 


| many hundreds) may be reduced 
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41 
to a few for the firſt cloſing, and 
the like for the intermediates of 
each line firſt plotted, whereby 
every ſtation may be more truly 
placed than by any other method 
that I know of: The diſtances in 
the Table may be Chains of 66, 
or 100 feet, as well as miles, or 
any other meaſure, that the dif. 
ferences of Latitude, and Depar- 
tures, would be had in. | 


Prop. III. Having the difference 
Latitude and the Departure, 
to find the Courſe and Diffance. 


Seek the given difference of 
Latitude and Departure taken to- 
gether in their columns, or the 
neareſt numbers to them, and the 
Courſe is even therewith at the 
ſide, and the diſtance at the top 
and bottom: But if the given diffe- 
rence of Latitude and Departure 
can't be found nearly, take 3, 2, 
Sc. part, (or any equal multi- 
ple) of them that can be found ; 
then the Courſe is even with them 
at the ſide, and ſuch a part of 
the diſtance, as was taken of the 
difference of Latitude and Depar- 
ture, at the top and bottom, 


Example 1. Given the diffe. 
rence of Latitude 59 miles 8. 
and the Departure 68 miles W. 
the Courſe and Diſtance are re- 
quired, 

In the double column over 9 
even with 49 degrees at the right- 
hand fide, is found together the 
given difference of Latitude and 
Departure ; therefore the Courſe 
is 49 deg. S. W. and the diſtance 
9o miles. 


Example 2. Given the diffe- 


rence of Latitudes 30 miles N. 
F and 
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N. and the Departure is found 


and the Departure 18 miles E. 
the Courſe and Diftance are re- 
quired. 

Here the given difference of 
Latitudes and Departure, or any 
numbers near them, are not to 
be found together in the Table, 
therefore taking ; or the double 
of each, the Courſe is found to 
be 3 deg. N. E. and the diſtance 
35 miles, 

Note, A table computed to 
every mile in the diſtance up to 
too miles, would more readily 
ſolve this example. 


Prop. IV. Having the Departure 
and middle Latitude, to find 
the difference of Longitude (ac- 
cording to the Method uſed by 
W. Jones, E/; F. R. 8) 


Seek the given Departure, or 
the next leſs number, in the co- 
lumns ſign'd Lat. even with the 
given middle Latitude found a- 
mong the Courſes, and at the top 
and bottom (ſign'd with Diſt.) is 
the difference of Longitude 
ſought, which if not found di- 
rectly at once, may be taken out 
at twice, or thrice. 


Example 1. Being yeſterday 


| Noon in the Latitude of 37917 


N. and this day noon in 389 43” 


N. and by the table the Depar- 


ture is found 70.921 E. the diffe- 
rence of Longitude is required. 

In the column fign'd Lat. under 
o, even with 389 the middle La- 
titude, is found 7.09021 ; there- 
fore go miles is the difference of 
Longitude ſought. 


Example 2. Being yeſterday 
noon in Latitude 46® 2 25 Ne and 
this day at noon in 44? 33'N. fo 


that the middle Latitude is 47 


48 degrees, which is 168 miles, 


Prop. V. Having the Latitudes 


112.53 miles W. required the 
difference of Longitude ? ſe” 
In the column fign'd Lat. over 
10 at the bottom, even with 472? 
at the right-hand fide, is 6. 8200; 
therefore ſubducting 68.200 from 
112.53, the remainder is 44.33, 
then over 6 is 4.0920, and 40.92 | Y 
ſubducted from 44.33 leaves 3.41, 
which is found over 5 ; where fore 3 
the difference of Longitude is 165 A 
miles Weſt, 
If the middle Latitude is not 
an eyen degree, but has odd mi- 
nates, find the difference of Lon- 
gitude for the even degrees next 
leſs and greater, and add a pro- 3 
portional part of the difference 
between the two reſults to the 3 
leſſer, the ſum will be the difte- 
rence of Longitude ſought. 2 
Suppoſe the middle Latitude in | 
the laſt Example had been | 2 
20“ N. then after finding the di- 
ference of Longitude as before 
for 47 degrees; find it alſo for 


4 
F 0 4 
283 1 0 — PPE 
— + a ned 7 
e OY” 
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then + of the difference being ad. 
ded to the former, gives the dif. 
ference of Longitude 166 miles : 
Welt- 
Note, Tho' this method is not 
in all caſes near the truth, yet l 
(if the miles are geographical) is | 
ſufficiently near for daily practice 
in any Voyage, as well as eaſy, | 
and very expeditious, 


and Longitudes of two Places, 
to find the Bearing and Diftance. 


Seek the complement of the 
middle Latitude: among the de- 
grees, and the difference of Lon- 
gitude in minutes among the di- 
ſtances, the Departure anſwering 

iy 
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is found in it's proper column; The difference of Longitude is 


then with the difference of Lati- 142 minutes, and in the columns 
tudes, and Departure, find their | ſign'd Dep. under 10, 4, and 2, 


Bearing (or Courſe) and diſtance | even with 43 deg. the co-middle 


Latitude, are found 6.8200, 
2.7280, and 1.3640, then increa- 

Example, Let the Lizard be | ſing the two former as before 
given in the Latitude of 49˙ 50” | ſhewn, their ſum is 96.844 miles 


N. and 5? 21' W. Longitude, and | W. for the Departure, and the 


Cape Ortegal in the Latitude of | Bearing, or Courſe anſwering to 

44? tro! N. and y? 43“ W. Lon- | 340 miles difference of Latitude, 

gitude, to find the Bearing and | with 96.844 Departure is found 

diſtance. about 16 deg, S. W and the diſt- 
| | ance about 354 Miles. 


— — 7 0 wy 


6 * _ — 
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e H A P. X. 
Of MERcAToR's Sailing. 


N this collection of Tables, we ſhould by no means have omit. 
ted that moſt neceſſary one of the Meridional Parts, deſign'd 
for the ſervice of Navigators, if it's uſcs were not fully ſupply*'a 
by the Table of logarithmic tangents: As is demonſtrated in 
Ne 219 of the Philoſopbical Trauſactions. It is there proved. 1ſt, 
T hat the Meridional-line, or ſcale of Mercator's Chart, is a Scale 


W fr the logarithm-tangents of the half complements of the Latitudes, 


24ly, That ſuch logarithm-tangents of Mr. Briggs's form, are a 


ſcale of the differences of Longitude, upon the rumb which makes 


an angle of 51* 38' 9 with the Meridian. And 3dly, That the 
differences of Longitude, on differing rumbs, are to one another 
as the tangents of the angles of thoſe rumbs with the Meridian. 
Hence it follows, that the difference of the logarithm-tangents 
of the half complements of the Latitudes, is to the difference of 
Longitude a ſhip makes in failing on any rumb from the one 
Latitude to the other, as the tangent of 31 38* 9” (whoſe loga- 


rithm is 10. 1013 104) to the tangent of the angle of the rumb- 


or courſe with the, Meridian; fo that: 
I. If two Latitudes, and the difference of L. ongitude be given, 
the courſe and diſtance are readily determined by this Rule. 
Take (by help of the Tables) the difference of the logarithm- 
tangents of the half complements of the Latitudes, eſteeming the 


| laſt three figures to be a decimal fraction; and add the comple- 


ment of it's logarithm to the logarithm of the difference of Lon- 
gitude reguced to minutes, and the conſtant log. 10. 1013 104, 
F 2 | ene 
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the ſum (abating radius) ſhall be the log. tangent of the courſe. 
And to the log. ſecant of the courſe, add the logarithm of the 
difference of Latitude reduced to minutes, the ſum (abating radius ) 
ſhall be the logarithm of the diſtance in minutes. 

Example. Given the Lizard to be in Latitude 49* 65 North, 
Barbadoes in 13® 107 North, and their difference of Longitude 
539 00”, or 3180 minutes Weſt, to find the courſe and diſtance. 


Lizard 20 2+... L. tan. 9. 5520477 Conſt. log. 10.1015104 
Diff. 3372.b605 it's co-log. + . . 6.4720346 
Log. tang. of the Courſe 49? 59/ 10 Southweſt, .,.,.. . « - 10.075972t 


Log. ſec. of the Courſe 49 59 10 .......... . . 0.1918067 
Log. of 2205 min. diff. o he Latitudes.-..,*.,.. +> « , 33444086 


Log. of 3429.378 diſtance of Barbadoes from the Lizard . + + 3.532153 


IT. If two Latitudes and the Courſe be given, the difference of 
Longitude is obtain'd with the ſame eaſe : For as the tangent of 3310 
38' 9''is to the tangent of the courſe, ſo is the difference of the loga- 
Tithm-tangents of the half complements of the Latitudes, to the 
difference of Longitude ſought. Wherefore to the complement 
of the conſtant Log. 10.1015104, add the Log. of the difference 
of the logarithm-tangents of the half complements of the Latitudes, 
and the log-tangent of the courſe, the ſum (abating radius) will be 
the Log, of the difference of Longitude in minutes. | 

Example. Given the Latitudes 49® 55' and 13 10”, and Courſe 
49? 597 10%, to find the difference of Longitude. 


'Y Barbadoes 3 80 25. . L. tan. 9.8993082 L. 3180 min.—3.5024271 
2 Co-lat, 


Lat. 13? 100 it's 3 co-lat 38 25. L.tan 9.8993082 | 
Lat. 49 55 20 23. . .L.tan.g.;362047; Co. conſt. log. 9. 8984896 
| 6; Diff. 3372.05... it's log. 3. 5279684 
Log-tang. of the Courſe 49 59 1. 8 
Log. of 3 1 80 min. = 53 deg. for diff. of Longitude + e. . + 355924271 


By this Rule, having two good obſervations of the Latitude and, 
the Courſe duly ſteer'd, the reckoning of a ſhip's way is beſt af- 
certaird, eſpecially if you fail near the Meridian. 

III. If the Latitude departed from, the Courſe ſteer'd, and di- 
ſtance ſaid be given, to find the ſhip's Latitudg, and difference of 
Longitude. | ; | 

Firſt, the Latitude is obtain'd from the conſideration that the di- 
ſtance is to the difference of Latitude, as radius to the co- ſine of 
the Courſe, which is common to Plain Sailing. Therefore to the 
log. of the diſtance add the log. co-fine of the Courſe, the ſum 
(abating radius) is the log. of the difference of Latitudes, which 
difference added to the leſſer Latitude, or ſubtracted from the 

greater, 
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greater, the ſum or remainder is the preſent Latitude; then ha- 


ving the two Latitudes, and the Courſe, the difference of Longitude 
is found by the 2d. 


Example. Having ſallid from the Lizard in Latitude 49 66? 
North on a Courſe 49? 59' 10” South-welterly 3429. 378 miles: 
tis required in what Longitude and Latitude the ſhip is found. 


Log. of 3429.378 the diſtance ſail d. . . . 3.53521 

= 8 of 49? 39“ 10” the Courſe. 9.808 172 
Log. of 2205 min. or 369 45 diff, of the Latitudes 3. 343408 6 
Now ſubtracting 36® 45 from 499 55”, the remainder 130 10 N. 
is the Latitude the Ship is found in. 

By which Latitude now known, the difference of logarithm- 
tangents will be found 3372.605 and the further proceſs in nothing 
differing from the ſecond Rule, whereby the difference of Longi- 
tude will be found 53* oo”. 

Thus the dead reckoning by the Log-line, and daily account of 

” a ſhip's way is duly kept, and the trouble very little more than by 
„ Plain: ſailing. 

5 Theſe are all the Caſes that occur in practice; the reſt, that are 
moſtly ſpeculative, are either eaſily reducible to theſe, ar elſe not 


may be from either: and therefore if one Latitude be North, 


> to be perform'd by logarithms, and therefore come not at preſent 
under our cognizance, 

i But tis to be noted, that both the complements of the Latitudes 
are to be eſtimated from the ſame Pole of the World ; which 

i 


and the other South, to have their complements, you muſt add 
 9o degrees to one of them, and ſubtract the other from go, and 
then the operation will be the ſame as in the preceding Caſes, 


1 Example. Given St. Jago one of the Cape de Verde Iſlands, to 
be in the Latitude of 14% 56* North; and the Iſland St. Helena, 
in Latitude 15 43. South, and their difference ot Longitude 
30? 12“ Eaſt, to find the courſe and diſtance, 8 


"7 «iy ——_ = * 
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St. Jago 5228 . . L. tan. 10. 1144965 L. 1812 min 3.258582 

200 la. 3 of Helena 3) 7 L. tan. 9 8790845 Conſt. log. 10. 101 510g 
| 2354-120 it's co-log, $.6281714 

Log-tang. of the Courſe 44? 110 537 South-· eaſt 0 - 0: 0:02 © ©-6 * 9:9878420 
Log. ſec. of the Courſe 44 11 12232 0. 1445200 
1 Log. of 1841 min. diff. of the Latitu des : 348838 
Log. of 256.875 difference of St, Helena from St. Jag l 
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46 Of Mercator's-Sailing, 

Or if it be thought eaſter, when one Latitude is North, and 
the other South, you may add go degrees to each of them, the ſum 
of the logarithm-tangents of their halves (abating twice the radius) 
will be the ſame as the difference of the logarithm-tangents of the 
former. For an example take the ſame Latitudes as in the prece- 
ding, ö | 

14 56'=104? 56 2,» C522 281. . L tan. 10.114496 
Then go" 5+ 3 + was. 1 dire half 5 521. . L. tan. ns 
The ſum (abating twice the radius) equal to the former difference. « 2334.120 


Alſo when both Latitudes are of the ſame name, (that is both 
North, or both South) you may add go degrees to each of them, 
the difference of the logarithm-tangents of half theſe ſums will be 
the ſame as of the logarithm-tangeats of half the complements of 


thoſe Latitudes. 
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; 1 
ILOGARITHMS, 
THEIR. 


Invention and Uſe. 


8 The XIIth Chapter of that excellent Treatiſe of Algebra; 
5 written by the late Reverend and Learned Dr. John 
Wallis, Savilian Profeſſor of Geometry in the Univerſity 
of Oxtord, and Fellow of the Royal Society in London. 


Ogarithms were firſt of all invented and contriv'd (with- 

| i out the Example of any before him, that I know of ) by 

John Neper, Baron of Merchiſton in Scotland; and by him 

Hirſt publiſh'd at Edenburgb, in the year 1614; and ſoon 

aſter by himſelf with the aſſiſtance of Henry Briggs, Proſeſſor of 

Geometry, (firſt at London in Ereſbam-College, and afterwards at 
Oxford) reduc'd to a better Form, and perlected. | 


The Invention was greedily embrac'd (and deſervedly) by 


the Learned in the Mathematics. 

Mr. Briggs, upon the firſt publication of it, was ſo pleas'd with 
it, that he preſently repair'd into Scotland, to conſult the Au- 
thor, adviſe with him, and be aſſiſtant to him, in the perfecting 
of it, and in calculating Tables for it; which was a Work of 
great labour and ſubtilty. 
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And it was quickly taken and promoted abroad by Benjamin \'t 
Linus, John Kepler, Adrian Llacq, Petrus Critgerns, and others, IM 
And at home by Henry Gellibrand, who complcated and pub- a8 
liſn'd the Trigonometria Britannica, which Mr. Briggs had begun, 14 
and far carried on, but dying lett imperfect. KY: 
So that, in u ſhort time, it became generally known, and greatly 15 
eſteem'd in all Parts, as of unſpeak able Ad vantage; eſpecially for 94 


eaſe and expedition in Trigonometrical Calculations, TY 
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4 Dr. Wallis of Logarithms, 
The Foundation of it is this: 1 
It to a Rank ot continual Proportionals in a geometrical Pro- 
greſſion from 1; BY | 

0-1. - 2:8; 8. 16. 32. 04: £6. 


We accommodate a Rank of Exponents in an arithmetical 
Progreſſion, from o; 


TT 


It is manifeſt, that for every multiplication or diviſion of 
thoſe Terms one by another, there may be an anſwerable addition 
or ſubduction of the Expoients. 4 

For, as in the Terms, 4 multiplied by 8 makes 32; ſo in 
the Exponents, it to 2 we aild 3, it makes 5; and as 52 divided 
by 8, gives 4; ſo if from 5 we ſubduct 3, there remains 2: And 
ſo cvery where. | 

. 2. „ 8. 16 „ 

J ˙ . . $.:& 
48 34. . 
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And the ſame holds, if between any two of thoſe Terms, we 
ipterpoſe one or more Means proportional; and between their 
Exponents, as many arithmetical Means, 

As if between 4 and 8 (or between 2 and 16) we interpoſe a 
Mean proportional / 32, that is 4 / 2; and between 2 and 3 
(or 1 and 4) an arithmetical Mean, 2;; then as 4 / 2 multi- 
plied by 8 makes 32 / 2, a Mean proportional between $2 and 
64; ſo adding their Exponents 24 and 3, makes 5% an arith- 
metical Mean between 5 and 6: And ſo every where. 


And univerſally, whatfoever be the Values of r and e; ſuppoſing 


The Terms, 1. r. rr. rrr. . „, 6. gc. 
 Exponents, O. 6. 26. 360. 46. $6. Ge. £96. 
Then, as mrxr\.=ri, andrr / r rrr. r Vr; 

% 2e+3e.=ge, and 226 + 3e = 536; 
And ſo every where, whether the Number e be poſitive or nega- 
tive, that is, whether the Logarithm proceeds by increaſe or de- 
creaſe : And conſequently whatſoever Mean proportional we 
interpoſe between thoſe Perms; it we allo interpoſe between 
their Exponents, a like arithmetical Mean, as that is a proporti- 
onal Mean; as if that be the firſt or ſecond of two Means propor- 
tional, this ea 12s the firſt or ſecond of two Means arith- 
metical; if that the ſecond of five Means proportional, this the 
ſecond of as many arithmetical Means, E5c. Then every addition 
or ſubduction of theſe one with another, will anſwer to a like 
multiplication or diviſion of thoſe. And 
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their Invention and Uſe. 3 


And if for O, e, 26, 3e, &c. (taking . we put O, 1, 2, 
3, &c. then doth this Exponent always give us the Number ot 
rations or dimenſions in the Term to which it belongs; 


l. r. , #3, W. s. . 
„„ %%. 6:00 


As 3 in r, 6 in r“, and ſo every where; or ſhews, How many 
fold (quam multiplicata the Proportion (for Inſtance) of r* to 1, 
is ot to 1 ; that is, how many rations or proportions of r to 1, 
are compounded in r* to 1, to wit, 6. To which the Name 
Logarithmus fitly anſwers; that is, x4yey Ap, the Number of 
Proportions ſo compounded, 

Now this Foundation being laid, their deſign in the Loga- 
rithms is this: Having ſelected (as moſt convenient) a Rank of 
contiaual Proportionals, in a decuple Progreſſion; to wit, 


I. 10. 100. 1000. 10000. ioo οο. I000000, c. 
They fit hereunto, as their Exponents in arithmetical Prog reſſion, 
. I, 2. 3. 4. 5. 6. Ss. 


(Conſequently, the Logarithm of any Fraction leſs than 1, 
is to be a negative Number.) And then, for each of the Num- 
bers interpos'd between 1 and 10, as 2, 3, 4, Ec. between 10 
and Ico, as 11, 12, 13, Oc. and ſo of the reſt; they ſeek out (be- 
tween o and 1, between 1 and 2, &9c.) an Exponent (to be ex- 
prels'd in decimal Parts) which is ſuch a Mean arithmetical, as 
the other is a Mean proportional. | 
And theſe Exponents they call Logarithms, which are artificial 
Numbers, fo anſwering to the natural Numbers, as that the 
addition and ſubduction of theſe, anſwer to the multiplication 
and diviſion of the natural Numbers. | | | 
By this means, (the Tables being once made) the work of 
multiplication and diviſion is perform'd by addition and ſub- 


duction; and conſequently that of ſquaring and cubing, by 


duplaticna and triplation; and that ot extracting the Square 
and Cube Root, by biſection and triſection; and the like in 
higher Powers. 

O: theie Logarithms we have printed Tables, for all Numbers 
as tar as one hundred thouſand So that, if any two Numbers 
(not excceding 100,000) be propos'd to be multiplied or di- 
vided one by the other, the e of thoſe Numbers (to 
be found in thoſe printed Tables) being accordingly added or 
ſubducted, will give the Logarithm of that natural Number (to 
pu b 2 be 
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4 Dr. Wallis of Logarithms, 


be found alſo in thoſe Tables) which is the Product or Quotient of 


ſuch multiplication: or diviſion 3 and the double or treble of 
ſuch Logarithm, is the Logarithm of it's Square or Cube; and 
the half, or third part of it, is the Logarithm of it's Square or 
Cube Root; and the like of higher Powers, which in large 
Numbers, is matter of great Expedition. 

And {becauſe a main End of their Deſign, was to facilitate 


aſtronomical and other trigonometrical Calculations) beſides 


the Logarithms for Numbers in their natural order, we have 
alſo Tables of artificial or logarithmical Siues, Tangents, and 
Secants; the addition and ſubduction ot which, anſwers to the 
multiplication and diviſion of the natural Sines, Tangents, and 
Secants ;, which is a very compendious Advantage tor expe- 
diting ſuch Calculations; and is not leſs accurate than the 
operation by Tables of natural Sines, Tangents, and Secants. 


Thus in a plain Triangle; ſuppoſing 
the Angles Land A 60 dans. B 50 
degrees, (and conſequently, C 70 de- 
grees) and the Side AB 31323 paces; 
tor finding the Sides AC, or BC, we 
AB have this Proportion: 
«31.3 2.3 | 

As the Sine of C, 70 degrees, —=9395926 

to the Sine of B, 50 degrees, —=7660444 

ſo is the Side AB, = 31323 paces. 
to the Side AC, — 2 25535 paces. 


For finding which, we are to multiply 7660444 by 31323, 
and then to divide the Product by 93969263 which gives tor 
the Side AC almoſt 25535 paces. 


: And, as the Sine of C, 70 AN 96926 
to the Sine of A, 60 degrees 36602 54 | 
{0 is the Side AB, ——— = 31323 paces. 
to the Side BC, ———— ——— = 28857 paces. 


For finding which we are to multiply $6602.54 by 31323, 


and to divide the Product by 9396926, which gives for the 
Side BC, 28867; paces, proxime. | 

Now (to prevent theſe tedious multiplications and diviſions) 
by Logarithms, we proceed thus; 


5 Log. Sine C, 70 degrees 9. 9729858 or, Ar, Co. o. 0270142 


Log. Sine BE, 50 degrees+ 9.5842 540 9.8842. 540 
Log. A B. Num. 31323 4.498633 44958633 


Log. A C, Num. 25535 = 44071515 244071315 
| | | | Where 


— 


their Invention and U, ſe. 5 


Where ſubducting the firſt Logarithm from the Sum of the ſe- 
cond and third, (or adding the arithmetical Complement of the 
firſt Logarithm to the ſecond and third, ſubducting the Radius) 

ives the fourth; which (the Table tel's us) anſwers to the Num- 
ber 25535, fere 5 So many paces therefore is the Side AC. Again, 


Log. Sine C 70 degrees, — 9.97298 58 or, Ar. Co. 0.0270142 
Log. Sine A, 60 degrees, + 9.937 5306 ; 9.937 5306 


Log. AB. Num. 31323 + 44958033 4.4958033 
Log. BC. Num. 288671 = 4:4604081 414.4004081 


Where either ſubducting, or adding, as in the former, gives the 
fourth; which anſwers to the Number 288673 proxime So many 
paces therefore is the Side BC which 8 are much more 
expeditious, than multiplying and dividing ſuch large Numbers. 

And in like manner, in ſpherical Triangles, ſave that there all 
the Logarithms are to be taken out of the Tables of Simes, Tan- 
gents and Secauts; which, in this Example, are taken partly 
from thence, and partly from the Table of Numbers; but the 
Expedition is alike in both. 


This was firſt publiſh'd by the Lord Neper (the firſt Inventor oſ 


them) in the year 1614, under the Title of Miriſicus Logarithmorum 
Canon, with it's Deſcription and Ule ; but reſerving the manner 
ot conſtruction, and it's demonſtration, to be after publiſſid; this 
being but an ay, ſet forth, to ſee the Judgment of learned Men 
concerning this Deſign, and how it was like to be receiv'd. 
In this, we have 4 Canon or Table of natural and logarith- 
mical Siues, for each degree and minute of the Quadrant. 
And whereas it was at his choice to give to what Number he 
pleas'd the Logarithm o, and whether to proceed by way of in- 
creaſe or decreaſe, he choſe to make o the Logarithm of the 
whole Sine 10000000, that ſo the multiplication or diviſion by 
the whole Sine (frequent in trigonometrical Calculation) might 
be diſpatch'd without trouble, requiring here but the addition 
or ſubduction of o. : 
And becauſe the Uſe of the Sines and Numbers, leſs than 
the Radius or whole Sine, were likely to be of more trequent 
uſe, than of Tangents, Secants, and other Numbers greater 


than the Radius, he choſe to give to thoſe leſſer Numbers affir- 


mative Logarithms (increaſing the Logarithms from o, as the 

Sines decreaſe) which he calls 4bundantes; and conſequently 

the negative Logarithms (which he calls Defectives) to greater 

Numbers; deſigning thoſe by +, theſe by—. 

And by this means, he dire&s how this Table of Sines (with 

the Differences there inſerted) may ſerve alſo for a Table ct 
: Tangents 
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Dr. Wallis of Logarithms, 


Tangents and of Secants; So that this Canon, is a compleat Canon 
of natural Sines, and of logarithmical Sines, Tangents, and Secants : 
He ſhews alſo how this Table may be applied to the Logarithms 
of abſolute Numbers, but breath with Cine trouble, he reſerves 
the fuller account hereof to a farther Treatiſe. | 

In the year 1619, the Lord Neper being then dead, the ſame 
was again publiſh'd by his Son Robert Neper ; with ſome poſt- 
humous Treatiſes of his Father, concerning the Conſtruction of 
this logarithmical Canon, and his deſign (after communication 
had with Mr. Briggs) of changing the form of Logarithms, 
making o to be the Logarithm of 1, (of which he had before 
given notice in the Pretace to his Rabdologia, publiſh'd in the 
year 1617;) and concerning ſome things pertaining to Trigo- 
rink with ſome Lucubrations of Mr. Briggs's on the ſame 
Subject. 

Bat the Lord Nepey being dead, the whole Work was devoly'd 
en Mr. Briggs, who (according to their joint advice) making 
the Logarithm of 1 to be o, and of 10, 100, 1000, Ec. to be 
I, 2, 3, Sc. which he calls Indices, or Charadteriſticks, and which 
we may repute as integer Numbers, with fourteen ciphers an- 
nex'd, which we may repute as ſo many places of decimal Frac- 
Ctions, below the place of Units, or of the Characteriſticx: And 
between theſe he fits the intermediate Logarithms tor the in- 
termediate Numbers. Hos | 

And conſequent to the Logarithm of 1 being o, the Logarithms 
of Fractions leſs than 1, or of Numbers intermediate between 1 
and o, muſt be negative Numbers, or Numbers leſs than o, 


(which he calls detective Logarithms) denoted by - (the Note 


of Negation) prefix d. 
Now theſe defective Logarithms may be two ways expreſs'd; 


either ſo as that the Note ot Negation ſhall affect the whole 
Logarithm, or ſo as to affect only the Characteriſtick, leaving 


the reſt of the Logarithm to be underſtood as affirmative. 

As for Example, The Fraction 3, or (which is equivalent) 
0.375: This Fraction ſuppoſeth the Numerator 3 to be divided 
by the Denominator 8, which in Loga- | 
rithms is to be perform'd by ſubtracting Log. 3. 0.4771213 


the Logarithm of 8, from that of 3, and Log. 8. 0.9930950 


the Remainder will be the Logarithm of Log. I pe) pl 

3, Which will then be the negative Num bY 

ber, —0.4259687, | [07-3 
Or thus, tor as much as the Logarithm of 375, (ſuppoſing 

it to be an integer Number) is 2.5749313; and the depreſſing 

this to the firit, ſecond, third, or tarther place of decimal 


Fractions, doth (without altering the Figures) divide the Value 


by 
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their Invention and Uſe. 7 
by 10, 100, 1000, Sc. which in Logarithms is done by ſub- 


* 


tracting 1, 2, 3, Ec. from the Characteriſtick, or place of Inte- 
ers; I, 2, 3, Oc. in that place, | ; 

8 the Logarithms of 10, 100, Log. of 37 50 is 3. 5740313 
1000, Oc. ſuch Alteration of the Log. 375 2.57403 13 
Value (the Figures remaining) is Log. 37.5 15740313 
done by only altering the Characte- Log. 3.75 9.540313 
riſtick of the Logarithm, without Log. 0.375 1. 5740313 


varying the other Figures, in this Log. 0.0375 2. 5740313 
manner; where the mark — is put over to diſtinguiſh it from the 
former. 

Which two Forms, tho' they ſeem different, and ſome may 1 
rather chooſe the one, ſome the other; or in ſome caſes the bil | 
one, and in ſome caſes the other; yet they are in Subſtance or 
Value the ſame: FEE 
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by For —1.0000000 
1 1 
is =—0.42 59687 ; 1% 
And every one is left to his liberty, whether of the two ways 1 


(or what other equivalent thereunto) he ſhall pleaſe to uſe. „ 
In this method Mr. Briggs, hath calculated a Table of Loga- 1 

rithms, (publiſh'd in the year 1624) tor 20 Chiliads of abſo- h 

late Numbers, frem 1 to 20,000; and again for 10 more from | 


x 2 IIS. 
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90,000 to 100,000, and one Chiliad ſupernumerary, to wit, Ih | 
from 100,000 to 101,000; that is 31 Chiliads in all; before 3 
which is prefix d, a large account of the Nature and Conſtruction 16 
of this logarithmical Canon, and the Uſes thereof; with Di- #0 
rection how to ſupply the intermediate Chiliads, which are here 11 | 
wanting: The whole intitled, Arit hmetica Logarithmica, UF | 

The ſame was again publiſh'd in 1628, by Adrian /lacg (or [4] 


— 


Hack,) with a Supplement (as Mr. Briggs had directed) ot the 1 
Chiliads before omitted; that is, in all, of 100 Chiliads, with 1 
one ſupernumerary; but in ſhorter Number, extended but to 1 
10 places, beſides that of the Integers, or the Characteriſtick : And BE 
he ſubjoins alſo a logarithmical Canon of Sines, Tangents, and 
Secants for degrees and minutes of the Quadrant to as many 1 
laces. 45 
4 Mr. Briggs proceeded to calculate a trigonometrical Canon BE | 
logarithmical, ſuited to that of the Logarithms for abſolute 4 
Numbers, extending (as in that other) to 14 places, beſides the 13 
Characteriſtick: And having before calculated a Table of na- BE | 


— 2 en > 


tural Sines, Tangents and Secants for degrees and centeſmes of _ 46 
degrees in Numbers extending to 15 places, he fitted there- Wh; | 
unto a Canon of /egarithmical Sines and Tangents (omitting the 14 


Secants, 14 


8 Dr. Wallis of Logarithms, 

Secants as lefs needful;) and a Treatiſe prefix'd, concerning 
the Conſtruction thereot, with other things pertinent thereunto; 
and intended a farther Treatiſe concerning the Uſe of it. 

But dying before this laſt was finiſh'd, or the reſt publiſh'd, 
Mr. Henry Gellibrand ſupplied this latter, and publiſn'd the whole, 
with the Title of Trigonometriad Britannica, in the year 1633: 
To which is ſubjoin'd another Canon of Jogarithmical Sines and 
Tangents, by Aarian Vlacq, tor degrecs, minutes, and tenth ſe- 
conds, extending (as his former did) to 10 places, beſides the 
Characteriſticx; and Mr. Briggs's 20 Chiliads tor Logarithms of 
abſolute Numbers. | | 

So that the whole Doctrine of Logarithms was by this time 
ſufficiently pertected, with convenient Canons or Tables fitted 


thereunto, in large Numbers; of which alſo Petrus Crugerns 


gives an account in the Pretace to his Trigonometria Logarithmica, 
printed in the year 1634; with his logarichmical Tables, but 
in ſhorter Numbers. | 

And the Tables of Logarithms above mention'd, (for 100 Chi- 
liads of abſolute Numbers, and tor Sines and Tangents to de- 
grees and centeſmes) were the ſame year 1633, contracted into 
a leſſer Form, and more manageable (but in ſhorter Numbers, 
the former not extending to above 7 places, befides the Chara-, 
Cteriſtick, but the latter to 10) by Nathantel Roe; with Directions 
for the Uſe of them in Trigonometry, Geometry, Aſtronomy, 
Geography, and Navigation, by Edmund Wingate. | 

In the mean time, Benjamin Ur/inus did alto publiſh Tables of 
Logarithms, in the year 1618; and again in the year 1625, in 
his Trigonometria; and Johannes Keplerus alſo in the year 1624, 
in his Chilias Logaritbmorum which he applies alſo to his K Ado. 
phine Tables, pablith'd in 1627; and Caudius Baiſchius about the 
ſame time, or ſoon alter; and Georgius Ludovicus Frobenius, in 
the year 1634, and perhaps ſome others: But all or moſt of 
them, in ſhort Numbers; and contormable to the Lord Neper's 


firſt Defſign; not to that Form which, upon ſecond thoughts, 


he and Mr. Briggs agreed upon as moſt eligible, and which hath 
fince been receiv'd in common practiſe, 

Since which time, much hath not been added to the Doctrine 
of Logarithms ; nor was it neceſſary, that Work having obtain'd 
' ſufficient perfection. | FED 
But in caſe Logarithms, on any emergent occaſion, be deſir'd 
with greater exactneſs, and in larger Numbers than thoſe printed 
Tables do afford; Mr. Nicholas Mercator, in a ſmall Treatiſe called 
Logarithmotechnia, and Mr. James Gregory in his Exercitationes 
Geometrice, both printed in the year 1668, ſhew (with great 
ſubtilty) how it may be effected, in Numbers of whatfocver length 
requir'd, with much more caſe than heretotore, 'T hole 
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Thoſe that would ſee more of the Conſtruction and G 7 


Logarithms, may conſult the fore-mention'd Authors, e- 
Briggs's Arithmetics Logarithmica, and the Trigonometria 57... 
nica of Briggs and Gellibrand; as alſo what Aarian Lis 7 1 
Peter Crugerus have writ upon this Subject. WE 

But I ſhall add, that by Logarithms may very expeditlonſi 
ſolv'd all Caſes of compound Intereſt, (Examples of which / 
the Tables) and that known Queſtion about the continual a 
of an Unit, which is frequently propos'd of a Hovrle, to b. . 


according to the number of nails in his ſhoes: For ſetting 


firſt nail at a very ſmall price, and the ſecond at double the pri 
of the firſt, and the third at double the price of the econ! n 
ſo on, continually doubling tor every nail; we ſha!l com? at aft 
to a vaſtly great Sum. 3 
The firſt occaſion of which Queſtion, may be what I have cited 
Cap. 13. of my Opus Arithmeticum, from 4lſephad (an Arabic 
Writer) in his Commentaries upon Tograius's Verſes: Nainet', that 
one Sef/a an Indian having firſt found out the Game of Ce, ad 
ſhew'd it to his Prince Shebram The King, who was highly 
leas'd with it, bid him ask what he would tor the reward of 
is Invention; whereupon he ask'd that for the firſt little {quere 
of the Cheſſe-board, he might have one grain of wheat given 
him; for the ſecond, two; and ſo on doubling continually, ac- 
cording to the number ot ſquares in the Cheſic-board, which 
was 64: And when the King, who intended to give a very no- 
ble reward, was much diſpleas'd, that he had ask'd fo trifling 
an one; Seſſa declar'd, that he would be contented with this 
ſmall one: So the reward he had fix'd upon, was order'd to be 
given him: But the King was greatly aſtoniſh'd, when he found 
that this would riſe to ſo vaſt a quantity, that the whole Earth 


it ſelf could not furniſh out ſo much wheat : But how great the 


number of theſe grains is, may be found by doubling one conti- 
nually 63 times, whereby we ſhall get the number, which comes 
in the lait place; and then one time more yet, ſubtracting i, to 
have the Sum of all; tor the double of the lait Term, leſs by 
one, is the Sum of all: Now this will be moſt expeditiouſly done 
by Logarithms, and. ncar cnough to truth tor this purpoſe : For 
it to the Logarithm of 1, which is o, we add the Logarithm of 2 
(which is 0.301029995664 ) multiplied by 64, the product 
19.26591972496—is the Logarithm ot the double ot thelait Term, 
which may be found greater than 18446 74407 00000 00000, 
and leſs than 18446 74408 00000 coooo. | 
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1 moſt compendious and facile Method 
F O R 4 


Conſtructing the Logarithms 


exemplified and demonſtrated 


From the Nature of Numbers, 
without any regard to the Hyperbola- 


With a ſpeedy Method for finding the Number from the 


Logarithm given, Phil. Tranſ. NY. 216. 
By EDM. HALLEYT, (now) LL. D. Aft. Reg. & R. S. S. 


of the moſt uſetul diſcoveries in the art of Numbers, 
and accordingly has had an univerſal reception and 
applauſe: And the great Geometricians of this Age have not 
been wanting to cultivate this ſubject with all the accuracy and 
ſabtilty a matter of that conſequence doth requirez and they 
have 1 ſeveral very admirable properties of theſe 
Artificial Numbers, which have render'd their conſtruction much 
more facile, than by thoſe operoſe methods, at firſt us'd by 
their truly noble Inventor, the Lord Neper; and our worthy 
Country-man, Mr. Briggs. | 
But notwithſtanding all their endeavours, I find very few of 
thoſe, who make conſtant uſe of Lyogarithms, to have attain'd 
an adequate notion of them; to know how to make or exa- 
mine them, or to underſtand the extent of the uſe of them; 
contenting themſelves with the Tables of them, as they find 
them, without daring to queſtion them, or caring to know how 


T HE Invention of Logarithms is juſtly eſteem'd one 


to rectify them, ſhould they be found amiſs; being, I ſuppoſe, 
under the 8 of ſome great difficulty therein: For 


the ſake of ſuch, the following Tract is principally intended; 


tho? 


ec. => 
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Dr. Halley's compendious Method, &c. 11 


tho? not without hopes, however, to produce ſomething that may 
be acceptable to the moſt knowing in theſe matters. 

But *y it may be requiſite to premiſe a Definition of Loga- 
rithms, in order to render the enſuing Diſcourſe more clear ; 
the rather, becauſe the old one, Numerorum proportionalium æqui 
differentes comites, ſeems too ſcanty to define them fully : They 
may much more properly be ſaid to be Numeri rationem expo- 
nentes; wherein we conſider ratio as Quantitas ſui generis, be- 
ginning from the ratio of equality, or 1 to 1 ; being affirma- 
tive, when the ratio is increaſing, as of Unity to a greater 
Number; but negative, when decreaſing: And theſe rationes 
we ſuppoſe to be meaſur'd by the number of ratiunculæ, con- 
tain'd in each. Now theſe ratiuuculæ are ſo to be underſtood, 
as in a continued Scale of Proportionals, infinite in number be- 
tween the two terms of the ratio; which infinite number of 
mean Proportionals is to that infinite number of the like and 
3 ratiunculæ between any other two terms, as the Logarithm 
0 


the one ratio is to the Logarithm of the other. Thus if there 


be ſuppos'd between 1 and 10 an infinite Scale of mean Propor- 
tionals, whoſe Number is 100000 c. in inſinitum; between i and 2 
there ſhall be 30 102 c. of ſuch Proportionals; and between 1 and 
3 there will be 47712 Cc. of them; which Numbers therefore are 
the Logarithms of the rationes of 1 to 10, 1to2, and 1 to 3; and 
not ſo properly to be call'd the Logarithms of 10, 2 and 3. 
But if inſtead of ſuppoſing the Logarithms compos'd of a num- 
ber of equal ratiuncule, proportional to cach ratio; we ſhall take 
the ratio of Unity to any Number, to conſiſt always of the ſame 
infinite number of ratiunculæ, their magnitudes in this caſe, will 
be as their Number in the former. Wheretore if between Unity 
and any Number propos'd, there be taken any infinity of mean 
Proportionals, the infinitel? little augment 'or decrement of the 
firſt of thoſe means from Unity, will be a ratiuncula, that is, the 
momentum or Huxion of the ratio of Unity to the ſaid. Number: 


And ſeeing that in theſe continual Proportionals all the ratiun- 


cule are equal, their ſum, or the whole ratio, will be as the ſaid 
momentum is directly; that is, the Logarithm of cach ratio will 
be as the fluxion thereof. Wherefore, if the Root of any in- 
finite Power be extracted out of any Number, the differentio/a 
of the ſaid Root from Unity, ſhall be as the Logarithm of that 
Number, So that Logarithms, thus produc'd, mag be of as 

many forms as you pleaſe to aſſume infinite Indices a the Power 
whoſe Root you ſeek: As if the Index be ſuppos'd 100000 c. 
infinitely, the Roots ſhall be the Logarithms invented by the Lord 


Neper; but if the ſaid Index were 2302585 Cc. Mr. Briggs's Lo- 


garithms would immediately be produc'd: And if you pleaſe 
| C 2 | to 
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to on at any number of figures, and not to continue them on, 
it will ſuffice to aſſume an Index of a figure or two more than 
For intended Logarithm is to have; as Mr. Briggs did, who, to 


ave his Logarithms true to 14 places, by continual extraction 


of the Square Root, at laſt came to have the Root of the 
1407374883 553281 Power; but how operoſe that extraction 
was, will be caſily judg'd by whoſo ſhall undertake to examine 
his Calculas.. BÞ | ts ny 

Nov, tho” the notion of an infinite Power may ſeem very 
ſtrange, and to thoſe that know the difficulty of the ex- 
traction of the Roots of high Powers, perhaps impracticable ; 
yet by the help of that admirable Invention of Mr. Newton, 
whereby he determines the Uncie, or Numbers prefix'd to the 
members compoſing Powers (on which the Doctrine of Serjes 
chiefly depends) the Infinity of the Index contributes to 
render the expreſſion much more caſy: For if the infinite 
Power to be reſolvd be put (after Mr. Newton's Method) 

I l I —M 


— . a I 
PD pg, PFpqie or 144 inſtead of 1+ 577 ** 


FI | i Pee 3 | . ; 
=o DRL e 2 9, Se. (which is the 


n Ln 
Root when m is finite) becomes 1 +-q 21411 * Zu 4m 


Fe &c. mm being inſinitè infinite, and conſequently whatſo- 


ever is divided thereby vaniſhing : Hence it follows; that = 


4 


multiplicd into q—199g+;9* —i9*+395 &c. is the augment of 
the firſt of our mean Proportionals between Unity and 1g, and 


is therefore the Logarithm of the ratio of 1 to 1+9; and where- 


as the infinite Index mz may be taken at pleaſure, the ſeveral 


| | 0” > g 5 NN x 
Scales of Logarithms to ſuch Indices, will be as — or recipro- 


cally as the Indices, And if the Index be taken 10000 Egc. as in 
the caſe of Neper's 3 they will be ſimply 429234 
- 27 , 5 &c. hr 
Ain: if the Logarithm of a decreaſing ratio be ſought, the 
1 


. 


* * ; ; — 1 .. 1 1 1 | I 
infinite Root of 1— 7 Or 14 18 e 


KEYS. 76740 &c. whence the decrement of the firſt of 


5m” : a 5 
our infinite Number of Proportionals will be — into 4 + 4 49 


5 4 % “ &c, which therefore will be as the 
5 Logarithm 


g 


Ol 


el 


of conſtructing Logarithms. 13 
Logarithm of the ratio of Unity to 14: But if m be put 10000 fg. 
then the ſaid Logarithm will be 24% 4 ＋44 ＋ +:45&c. 

| Hence the terms of any ratio being @ and 5, 4 becomes © 
or the difference divided by the leſſer term, when it is an in- 


creaſing ratio; or ——when 'tis decreaſing, or as 5 to 4. 
Whence the Logarithm of the ſame ratio may be doubl y expreſs'd; 
tor putting x for the difference of the terms à and b, it will be 

1 Xx PN >, K * 
either into + * ITE Tat 565 T6 &c. 


x * ** * * 
T 397 Gas gar ces &c. 

But if the ratio of à to þ be ſuppos d divided into two parts, 
vz. into the ratio of à to the arithmetical Mean between the 
terms, and the ratio of the ſaid arithmetical Mean to the 
other term 5, then will the ſum of the Logarithms of thoſe 


3 xx 
40 


* 


— 1 * 
e 
——ů ů ů ²·˙ — 


two rationes be the Logarithm of the ratio of a to h; and ſub- 1 N 
ſtituting + , inſtead ot 14 b, the ſaid arithmetical Mean, 1; 
the Logarithms of thoſe rationes will be, by the toregoing Rule, 1 9 
3 4 3 88 * Fi 
I * & * * * * * 5 . 
OO LS 2 n 1 
n n 7 28 TI ＋ 42 1 5 * 65 &c. and | | [| 
11 xx, 1 x 4 
in = -FT 3- =3+ 5x3 - &e. {8 
F 368-30 48". -- 36” 04 ih! 
2 ; Z 5 7 Ns 7 ' 
I 2 2X 2X 2X 
Sum 3 325 555 + 725 &c. 


vill be the Logarithm of the ratio of a to 5, wheſe difference is x, 
and ſum 2 ; and this Series converges twic? as {witt as the former, 
and thereſore is more proper for the practice of making of Lo- 
garithms; which it performs with that expedition, that where "nl 
x the difference is but the hundredth part of the ſum, the firſt ſtep = 


„ ts. ttt, 


** ſuffices to ſeven places of the Logarithm, and the ſecond ſtep 
2, — , 


to twelve; but if Briggs's firſt twenty Chiliads of Logarithms 
be ſuppos'd made, as he has very carefully computed them, 1 
to fourteen places, the firſt ſtep alone is capable to give the i 
Logarithm of any intermediate Number true to all the places 11 
of thoſe Tables. 5 2 = || 
Aſter the ſame manner may the difference of the ſaid two _ | 
Logarithms be very fitly applied to find the Logarithms of prime 4 
Ws. | 4. Numbers, 
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Numbers, having the Logarithms of the two next Numbers above 
and below them; for the difference of the ratio of @ to + x, 
and of: 2 tob is the ratio of ab, to 4 22, and the half of that 
ratio is that of / a to ; , or of the geometrical Mean to the 
arithmetical 3 and conſequently the Logarithm thereof will be 
the half difference of the Logarithms of thoſe rationes, vis. 


I Xx x4 ð* x | 
—Into ——+——— &a. 
mM 238 4%  6n* | fy 


which is a Theorem of good diſpatch to find the Logarithm of? 8. 
But the ſame is yet much more advantageouſly pertorm'd by a 
Rule deriv'd from the foregoing; and beyond which (in my 
opinion) nothing better can be hop'd : For the ratio of ab to 
122, or 4 + jab + bb, has the difference of it's terms 
zaun -ab bb, or the Square of {a—ib=;xx, which in the 
preſent caſe of finding the Logarithms of prime Numbers, is 
always Unity; and calling the ſum of the terms 422+ ab=yy, 
the D of the ratio of ab to rat or : will be found 

1 1 f I [ I 

— in ——p———————-- &c. 

%)) VT 
which converges very much faſter than any Theorem hitherto 
publiſh'd for this purpoſe. | 


Here note, chat —is all along applied to adapt theſe Rules to 


all ſorts of Logarithms. If m be 10000 &c. it may be neglec- 
ted, and you will have Neper's Logarithms, as was hinted 


betorez but if you deſire Briggs's Logarithms, which are now 


generally receiv'd, you muſt divide your Series by 


2.30258,5©929,94045,63401,79914,54634,36420,7 601 1,01488,6 2877, 29760, 33328, 
or multiply it by the reciprocal thereof, viz. 
0.43429.44819,03251,82765,11289,198916,60508,22943,97005,80366,65661,14454- 


But to ſave ſo operole a multiplication (which is more than 
all the reſt of the work) it is expedient to divide this multipli- 
cator by the Powers of & or y continually, according to the di- 
rection ot the Theorem, eſpecially where x is ſmall and integer, 
reſerving the proper quotes to be added together, when you 
have produc'd your Logarithm to as many figures as you deſire, 
of which method I will give a Specimen. 

If the curiofity of any Gentleman, that has leiſure, would 
r . him to undertake to do the Logarithms of all prime 
Numbers under 100000 to 25 or 30 figures, I dare aſſure him 
that the facility of this method will invite him thereto; nor can 
any thing more eaſy be deſir' d. And to encourage him, I here 

give 


95 


V4; 


of conſtructing Logarithms. 13 
ive the Logarithms of the firſt prime Numbers, under 20, to 
ixty places, computed by the accurate Mr. Abrabam Sharp, as 
they were communicated to me by our common Friend, Mr. 

Euchid Speidall, | 8 

Note, As the Logarithms of all the Primes under 1100, have 
ſince been computed by a double operation, and publiſh'd by the 
ſaid Mr. Sharp in his Geometry Improvd, to 61 places, together 
with thoſe of all other Numbers to 100, and from 999990 to 
1000010; from whence they are inſerted in the 36th and 4 tollow- 
ing pages of this Work; therefore the Logarithms of the 
Primes under 20 are here omitted. 

The next prime Number is 23, which I will take for an ex- 
ample of the foregoing Doctrine; and by the firſt Rules, the 
Logarithm of the ratio of 22 to 23 will be found to be, 

— K Fo CRanete. 
pp 22 968 T3944 037024 27758166 Os 

I I 


I I I 
ak 7 1058 $4 36501 TI119364 ＋ 218171 n 
As likewiſe that of the ratio of 23 to 24, by a like proceſs, 


; I I I I | I 
h — nam — — — ——— 
N 23 1058 36501 1119304 I 32181715 — 
1 1 1 1 I 5 
9 " T: II 52 ＋ 41472 1 327104 35813120 oe 


And this is the reſult of the Doctrine of Mercator, as im- 
prov'd by the learned Dr. Wallis. But by the ſecond Theorem, 


| Ar . , 
dix. 24 2* &c. The ſame Logarithms are obtain'd by 
4 


fewer ſteps; to wit, 


EDT 2 2 13 by 
m————t e Ac 
2 2 1 2 1 2 c. 


OF 44. — eee 

47 311469 * 1140725035 | 3546361843241 
Which was invented and demonſtrated in the hyperbolick Spaces, 
analogous to the Logarithms, by the excellent Mr. James Gregory 


in his Exercitationes Geometrice, and ſince further proſecuted by 


the aforeſaid Mr. Speidall, in a late Treatiſe in Eng/zþ by him 
publiſh'd on this ſubject: But the demonſtration, as I conceive 
was never till now perfected, without the confideration of the 
Hyperbola, which, in a matter purely arithmetical, as this is, can- 
not ſo properly be applied. But What follows, I think, I may 
more juſtly claim as my own, viz, that the Logarithm ot the 

| Tali 
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ratio of the geometrical Mean to the arithmetical, between 22 
and 24, or of / 528 to 23, will be found to be, ; 


. I 
eit he 4 : 


1 Er 
1058 1119364 ＋ 88821 5334 Y 626487882248 * 
1 5 1 2 ji 2 : . 8 85 | | 
or r f 339279079 5 e oe 


All theſe Series being to be multi plied into o. 43429448 19 &c. if 
you deſign to make the Logarithm of Briggs. But with great 


advantage, in reſpect of the work, the ſaid 4342944819 &c, is 
divided by 1057, and the quotient thereof again divided by three 
times the ſquare of 1057, and that quotient again by + of that 
ſquare, and that quotient by + thereof, and /o forth, till you 
have as many figures of your Logarithm as you deſire. 

As for example, the Logarithm of the geometrical Mean be- 
tween 22 and 24, is found by the Logarithms of 2, 3 and 11, to be 


| 1.3613169612669061294500917 2669805 
1057)43429 del « + + » « 41087462810146$14347315886368 
3 in 1127249)41087 &c. 


50:02" 0 +» wth 12258521544181829460074 
iii , og dos old 2 6583235184376175 
. , æ̃ ò i!NVMVVVVI 8 4208829765 
2 in 111724902088 Kc. ((..... „„ „ „ 2 0+ . 2930 
Summ sn . 1.36172783601759287886777711225117 


Which is the Logarithm of 23 to thirty two places, and ob- 
tain'd by five diviſions, with very {mall diviſors; all which is 
much leſs work, than ſimply multiplying the Series into the ſaid 
multi plicator 43429 &c. 1 8 | 
Bebore I paſs on to the converſe of this Problem, or to 
ſhew how to find the Number appertaining to a Logarithm 
aſſign'd, it will be requiſite to advertiſe the Reader, that there 
is a {mall miſtake in the aforeſaid Mr. James Gregory's Vera 


ee Circuli& Hyperbola, publiſh'd at Padua, Anno 1667, 
wherein he applies his Qnuadrature of the Hyperbola to the ma- 
king the Logarithms: In page 48, he gives the computation 
of the Lord Neper's Logarithm of 10, to five and twent 

places, and finds it 23025$509299404 5624017870, inſtead of 
2302 585092094045684017991 ; erring in the eighteenth figure, 
as I was aflur'd upon my own examination of the Number 1 
here give you, and by compariſon thereof with the ſame wrought 
by another hand, agreeing therewith to 57 of the 60 places. 
Being deſirous to be ſatisfied how this difference aroſe, I took the 


no {mall trouble of examinilg Mr. Gregory's Work; and at 


length found, that in the inſcribed Polygon of 512 ſides, in the 
eighteenth figure was a © inſtead of 9, which being rectified, 


and 


e conſirufting Logarithms. 17 
and the ſubſequent work corrected therefrom, the reſult did 
agree to an Unit with our Number : And this I propoſe, not to 
cavil at an caſy miſtake in managing of ſo vaſt Numbers, eſpe- 
cially by a hand that has ſo well deſerv'd of the mathematical 
Sciences; but to ſhew the exact coincidence of two ſo very dif- 
tering methods of making Logarithms, which might otherwiſe 
have been queſtion'd. 


From the Logarithm given, to find what ratio it expreſſes, is 


a Problem, that has not been ſo much confider'd as the former, 


but which is ſolv'd with the like caſe, and demonſtrated by a 
like proceſs, from the fame general Theorem of Mr. Newton : 


For as the Logarithm of the ratio of i to I was prov'd to be 


1＋ 2E —1, and that of the ratio of 1 to I—g, to be 11-9 $ 
ſo the Logarithm, which we will from henceforth call L, being 


given, 1+L will be equal to 144 in the one caſe; and 1—L, 
will be equal to 14 in the other; conſequentlyi TL.“ will be 


— : : 

equal to 1549, and 1 to 1-4; that is, according to Mr. New- 
tou's ſaid Rule, I mL L*'+ im L in Lem L 
&c. =I +4,and 1—mL+;im*L*—jm L m Len L 
&c. - 4, m being any infinite Index whatſoever; which is a 
tull and general Propoſition from the Logarithm given to find 
the Number, be the Species of Logarithm what it will, But if Ne- 
per's Logarithm be given, the multiplication by m2 is ſav'd (which 
multiplication is indecd no other than reducing the other Speczes 
to his) and the Series will be more fimple, viz. 1+L+;iLL+;L? 
+2. L*+;;;L'&c. or 1 LA LL —:L*+2z,L*—;5;Þ5 &c. 
This Series, eſpecially in great numbers, converges ſo ſlowly, 
that it were to be wiſh'd it could be contracted. 

If one term of the ratio, whereof Lis the Logarithm, be given, 
the other term will eatily be had by the ſame Rule: For if L 
was Neper's Logarithm of the ratio of à the leſſer, to b the greater 
term, 6 would be the product of à into 1+L+;3LL+;L* &c. 
—=4a+aL4+aLL+t:aL* &c.; but if b was given, @ would be 
—=b—bL+:; bLL—:bL*&c. whence, by the help of the Chi- 
liads, the Number appertaining to any Logarithm will be ex- 
actly had to the Ms extent of the Tables. It you ſeek the 
neareſt next Logarithm, whether greater or leſſer, and call it's 
number à it leſſer, or 6 if greater than the given L, and the dif- 
ſerence thereof from the ſaid neareſt Logarithm you call /; it 
will follow, that the Number anſwering to the Logarithm L will 
be either a into I= IIe &c or elſe & into 
I I TAU -A &c. wherein as J is leſs, the Series 


d will 
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will converge the ſwifter. And if the firſt 20000 Logarithms be 
given to tourteen places, there is rarely occaſion for the firſt three 77 "lM 


ſteps of this Series to find the Number to as many N But 
as for Vlacg's great Canon of 100000 Logarithms, which is made 
but to ten places, there is ſcarce ever need for more than the firſt. 
ſtep a+al, or a+mal in one caſe, or elſe h, or þ—mb] in 
the other, to have the Number true to as many figures as thoſe” 4 
Logarithms conſiſt of. x 
| If future induſtry ſhall ever produce logarithmic Tables to ma- 
ny more places than now we have them, the aforeſaid Theorems | r 
will be of more uſe to deduce the correſpondent Numbers | 
to all the places thereot, In order to make the firſt Chiliad 
ſerve all uſes, I was deſirous to contract this Series, wherein all f 
the powers of are preſent, into one, wherein each alternate a 
power might be wanting; but found it neither ſo fimple or uni- t 
torm as the other; yet the firſt ſtep thereot 1s, I conceive, moſt D 
commodious for practice, and withal exact enough for Numbers 3 
not exceeding tourtcen places, ſuch as are Mr. Briggs's large Ta-. 4 
ble of Logarithms; and there ſore I recommend it to common uſe. 0 
5 It is thus: ab or __— will be the Number anſwering | 
3 EE | 
to the Logarithm given, differing from the truth but by one half 8 
of the third ſtep of the former Series. But that which renders it 
more eligible, is, that with equal facility it ſerves for Briggs's, or 1 
any other ſort of Logarithms, with the only variation of writing f 
— inſtead of 1, that is, a LL and b—- Th or mA Ja n 
4 2.7 m l m a: 
. Wo SF le 
TFT which are eaſily reſoly'd into analogies, viz. th 
e. 
as 43429 K C.— 2 J to 43429&c.+; ſo is 4 Ito the Number 2 
or, as 43429 Kc. / to 4342 & c. 3 J ſo is C F ſought. 3 
If more of this Series be delir'd, it will be found as ſollows, 
TL 443 3 | 
4 HET + _ K&c. as may eaſily be demonſtrated, by 10 
working out the diviſions in each ſtep, and collecting the quotes, fi 
ky a will be found to agree with our former Series. tl 
Thus, I hope, I have clear'd up the Doctrine of Logarithms, le 
and ſhewn their conſtruction and uſe independent from the Hyper= | P 
bola, whoſe affections have hitherto been made uſe of for this pur- d 
poſe, tho” this be a matter purely 4rithmerical, nor properly demon= | d 
ſtrable from the Principles of Geometry: Nor have I been oblig'd to | tl 
have recourſe to the method of indiviſibles, or the Arithmetick of n 
infinites; the whole being no other than an caſy Coro//ary to Mr. tl 
Newton's general Theorem tor torming roots and powers, Eaſy 8 
1 
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Eaſy and compendious Methods of making Loga- 

rithms, by Mr. Abr. Sharp, of Little-Horton 
near Bradford, Yorkſhire. 


O the makiog of Logarithms, the firſt thing requiſite is 
| to find the natural Logarithms of two or three of the 
leaſt and firſt prime Numbers, viz. of 2, 3 and 5, or 
rather 10, by the reciprocal of which Brizgs's (that are the moſt 
uſeful Logarithms) are compos'd. 
The Logarithm of 1 being o; that of 2, the next prime, is 
firſt requir d; but to attempt to raiſe that directly and immedi- 
ately, would be ſo very laborious and tedious a task (much more 
the greater primes) that tis more expedicnt to uſe ſuch fractional 
Numbers as lie between 1 and 2, by the multiplication whereof 2, 
3 and 5 may be produc'd; of which(in the defign'd method) thoſe 
are molt convenient, whoſe numerators exceed the denominators 
only by an Unit, ſince hereby multiplication is wholly avoided. 
The Rule for making the natural Logarithms of ſuch improper 
fractious, may be this, | 
Add an Unit to twice the denominator, the Sum (which ts the 
Sum of the numerator and denominator) ſhall be the diviſor ; 
and the excels of the numerator above the denominator (in this 
caſe always 1) the dividend : The Powers of this ſimple fraction, 
compos'd of this diviſor and dividend muſt be rais'd by a conti- 
nual diviſion, till the Series run out to ſuch a number of figures 


as are requir'd; but becauſe none but the odd Powers are of uſe 


let the firſt quotient, and all the reſt ſucceſſively, be divided by 


the ſquare of the firſt diviſor: The Powers thus rais'd, divide 
each reſpectively by it's proper Index, i. e. the 1 by 1, the 


2d by 3, the 34 by 5, Ec. the ſum of all theſe quotients will be 


the natural Logarithm of the fraction propos'd. 

Becauſe the s of the primes 2, 3 and 5, are ſought, 
which are mutually ſubſervient to the compoſing each other, no 
fewer than three Series can ſuffice; therefore three improper 
fractions muſt be choſen, with two of theſe primes in each. And 


tho” the fractions neareſt 2, as}, + and +, require the greateſt 


labour in railing their ſeveral Series; yet from them, when com- 
pleated, the Logarithms of the defir'd primes are molt Fur 
deduc'd: For in fractions, that approach nearer 1 (4. e. whoſe 
denominators are greater) the Series arc rais'd with leſs labour, 
tho' the deducing the Logarithms of the primes therefrom be 
more intricate, and require more additions of Logarithms; but 
that being a trouble, ſmall in compariſon with that ot making the 
Series, theſe muſt be ſuppos'd more elegible. 
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20 Mr. Sharp's Methods 


I. The Series for making the Logarithm of 3; twice 2+1=5 the 
firſt diviſor, and the ſquare of 5=25 the diviſor for the reſt. 


The odd Powers divided by 1, 3, 5, &c. 


5 )1.00000,00000,00000,00000,000000( 
(0.20000,,0000,00000,00000,000000 
2980 . » $00,00000,00200,00000,900090 
25)8{ . . 32,00000,00000,00000,000000 
25)32( . . 1,28000,00000,08000,000010 
25)128{ . . . 5120,00000,00000,000000 
25)512{ « . » 204,80000,00000,000000 
25) 20480. . . 8,19200,00200,000000 
25)$192( . . + + + 32768,00000,000000 
25)32768(. « . . - . 1310,72000,000000 
25)131072( . . . + . + 52,42880,000000 


1) 0,20000,00000,00000,00000,007C00 
3) . . 266,66666,66666,66666,666667 
5) . . . 6,40000,00000,00C00,000000 
7) « . « - 182$5,71428,57 142,857 143 
9) + . . « , 5688,88888,88888,858889 
II). «- - . « . 18,61818,181$1,818182 
13). + . . 630135, 38461,538461 
I5).- . . + . - « 2184,53333,333333 
„ 7710117, 647059 
1999 9?ſ9ſ 7 . « 2y1$941,052632 


25)524288( . . . . + . . 2,09715,200000|[21),..... + 9986, 438095 
/ / e559 <5. . . 364, 72208) 
250838860 — . . 335443202) «+ +. 135631773 
2 „„ c 44 0 S700% 
25)134217735(. .... 336871 2 . 625313 
n 1) e . « 693 
J . + + ode xs 647 Fx 53 0 i 

258590 41 
| e Sum is the natural Log. of 5 . 20273, 5 540, 54082, 19098, 90065) 


II. The Series ſor making the Lo 
firſt diviſor, and the 10 


7)1.00000,00000,00000,00000,02000C( | 

(o. 14285,71428,57142,85714,285714 
49) 14&c(291,54518,95043,73177,842566 
. 
49)5949&c.( 12142, 65678, 90201, 240251 
49) 12142 c (. 247, 80932, 22249, 004903 
49) 247809 &c. (. . 505733, 31066, 306223 
49)505733&c( (.. . 10321,08797, 271556 
49N103210&c{( . . 210, 63444, 842277 
49)210634&c.,{ . . « 4, 29866221271 
49)429866&c.( . « + +» 8772, 80026 


arithm of ?; twice 3+1=7 the 
uare of 7=49 the diviſor for the reſt. 


The odd Powers divided by 1, 3, 5, &c 
1) 0.14285,71428,57142,85714,285714 
3). . 97,18172,98347,91059,28085 5 


5) + . + 1,l18998,03653,23972,154459 
772 1734, 66525, 5743,034322 
—92—29ͤ9ͤ2—ũ2 ++» 27,53436,91361,000545 


1199 +. + « 45975975551,4823584 


13) + » + 795,92984,405504 
= . + . 14,04229,656152 
I7) . +++ + + +» + » + » 25286,249310 


49)871278&c(....- . - 179,036327 | 21 — +0 525539 
88 {+0 4+ „„ „600 25 "RO „„ „ „ „„ n lt 
49036533000 74356725 „ „ «„ . + » 4933 
Oo GE TR 5 % 3533 Wes * 

eee i %.34% 0 31 | 29 ©.+ 0-0 0:04 + 6 0:0 . 


e Reo LI 2 2 33 RB 
| Dum is the natural Log. of 4=0.14384,10362,25899,46371,960949 
1ſt Be, ..., ..; , nat. Log 


Se. ++ » « $0.14384,10362,23890,46371,960949 
oO Eg CO» ( ooo ++» » $==0.111575,17756,57104,87 788,314755 
A Ä nic ns . 22=2-34657,35902,7997 2,65470,861606 
Seh = f T „hh 3 9.34930, 61443, 34054, 84569, 62263 


Sth = 2d -|- 5th, or qthx 2. 
Gih== 3d + (th........> - + + . 5==2.80471,89562,1705c,18730,037967 
TREO A >: 


I] 


| 


$1)112$3( HR i= EY Ry i BR 6 5 i, a, Ps 130 0 | 6 
| e Sum is the natural Log. of 222 11157,!'7756,57104,S87 85,3147 55 


of making Logarithms. 21 


III. The Series for the Logarithm of 5; twice 4+1=9 the firſt 
diviſor, and the ſquare of 9 i the diviſor tor the reſt. 


9 )1.00000,00000,00000,00000,00c000(, | 

COMLLLE,IILEI, 1111111111 111111 
81 1&3 7,7421, 12482, 85322, 339396 
$1 )137 1&c(1,693 50, 87808, 43028, 71104 
81 )16935&c{( 2090, 751358, 12876,897 174 
$1 )20907 5&c.( . 25,81 174,79171,319718 
8 )258117&c{ . . 31866,35545,324935 
$1 )318663 5&c( . « . 393,41179,571913 
$1)3934117&c.( . « + . 4,85693,574962 
$1 )48569358c.( . « - « + . 5996,216975 
$1)5996216&c.( +» + « + . » » 745927371 
81) 74027371770. 
81791391000 ẽl 11283 


BEET ˙— o 3 


The odd Pocvers divided by 1, 3, 5, &c. 
I) o. 11111, 1111111111111, 11111 
3) - - . 4572473, 70829, 61774, 119799 
5) . + « 33870, 17561, 68605, 734221 


7) . . . « 288, 67879, 3268, 128168 


JEST . + 2,96797.19907,924413 


. 2896, 94149, 484085 
13) , + 30, 26244, 582455 
32379571664 


17) ++ ++ 332,718646 


19) EO EEE SL. 35896177 
„ a 4 . 43520 
433 r 490 


— 8 


The three improper fractions, whoſe denominators, I believe 


the greateſt that can be found, capable ot effecting this, are 12 
24 and 33; which ſhall be pitch'd upon for another Example. 


57 


I. The Series for 1222; twice 15+1=31 the firſt diviſor, 
and the ſquare of 312961 the diviſor for the reſt. 


31) 1.00020,00000,00000,00000,000000( 

( 0.03225,80645,16129,03225,$06452 
961)32&c( 3,35671,84725,21751,535699 
961)33 56 .. 349,29432,591 2757331 28 


961 )34929&c( . . . 36346,96419,487756[7)..... * + + 5192,42345,641108 
961)3634698&c( 2 * 37782202, 309561 9) 420244, 701062 
961) 782208 ccc 3935,694391 1177) 2 «+» » 3575790399 
9613393 569&Cc: , Ss SS 04S 4,095416 13 „ %%% 0 ER 315032 
961)429541&C(. . .. 4262|15) N ITY WT 284 


The odd Powers divided by 1. 3, 5, &c 
1) o. 03225, 88645, 6129,03 225, 806452 
33 Q « 1118 90,61573,40583, 845233 
5) « « + + » 6985886, 51825546626 


Ihe Sum is the natural Log. of +2 


— — 


—— 


IT. The Series for 1:4=3+; twice 24+1=49 the firſt diviſor, 
and the ſquare of 49 22401 the diviſor tor the reſt. 


1474,44113, 895936 
2401) 14744 & c . 61409, 460182 


2401)25576&C{ . «+ + » .. - +: JO652 


3) . + « « 28332,86584, 10469, 560585 
5979 7308026, 63492, 828711 

5 . 210,63444, 842277 
V 6823.273354 


. ++ . 235325147 
1 „ 


4 9 


he Sum is the natural Log. of 1 = 2.02041,0997 2,601 27,5647 73729853 


IH. 


„ * ” 
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22 Mr. Sharp's Methods. 


III. The Series for 14/;=53 ; twice 80+1=161 is the firſt di- 


viſor, and the ſquare of 161= 
16101 :20000,09000,00900,000 oo, oooο *_ 


(o. oo0621, 11891, 24223, 60248, 447205 
23921)621%c.( 22 396,19618, 233234183845] 3) 


=2 5921 the diviſor for the reſt. 

The odd Powers divid. by 1, 3, 5, &e. 
9 11801, 24223, 60248, 447205 
798, 73206, 07774, 394615 


25921) 23961 Kc... 9244, 22739, 2 20060 ))) « « . . 1848, 84547, 844012 
4221566 80 „ Seas eee f „ 5094, 725948 
ieee. z 11% 
2502101375837 22 „ L 5 


— — 


The dum is the — 1 of 


1ſt Series nat. "_ ot 4 


ad. e 
1 


320. 


6th=1ſt+5th. 
mth=qth+0th ,..., . = 
Sch th /t 

th S Sthxg $0 


2-=0.34 


$=1,03972,077 


281 91,72720,939705 
$8,314754 


$,39917,0 6412,584817 


z0th=;th+9th .. . . IOI. I 5129, 25454, 7022, 84200, 899501 


If greater exactneſs be defir'd, more Series ſhould be taken! 
= tewer than tour will A ſufficient, it the green In be 


Z; then the (ad) may bez the 
26 40 16 81 


ade) is, x —=— and — x 
25 


| SLES SG. 
going Operation. 


(0) 5 and the (4th) 85 then the 


—, &c. as in the fore- 


| . 6. 126 

Other four Series may be, (19 5 (ad) (3d), and (4th) 
22 126 2 8 6 2 ee 
nh. then x == and 4 x 6, rt => an A* x = 
224 125 224 '$9? * 224 24 63 125 24 
16 81 46 2 
— and = x— x , &c. as above. 
1 1 Ps 


- IVY Series will be e 


1 then the (2d) may be: = (34) 55 (4th) 8. and (5th) =; 


63 
JJ 
then — x — X — , 
80 99 99 120 24 


; 2 


if the N fraction be 


126 
125? 
«@ ” 126 25 __ . 
* g AG... Xx 
03 * 125 24 15? 60 15 


Six Series will be neceſſary, when the greateſt fraction 


-- "00 I21 126 
(is) 55 —; then (2d) may be —, (3d) Ny 
61. 126 221 81 
(ith) * '® then — „e, 
125 224 80 
125 125 951 312 2 2 
124 124 969 3072 24 246 


&c. as betore. 


and = X— Xx M — ===, 


—— —— 


| 225 125 
(4th) 224? (th) zg and 
81 1co0 100 11 25 


3e 9% 141% - 24 
3125 16 16 1 81 
$153. IQ and = % 5 1 


=9 00621,12599,99278,5 7665, 164656 
=0. 05226,9260 5,87 8 5, 58 583,546 196 
=0,02041,09972,60127, 56477,728853 
00621,12599,99278,57065,504050 
Th 16-42-36 > 5. + g—O. 05889,1 517852 
5th=1ſt+2d+4th . . . ;=0. 1115717756,57104,8 77 
+=0.143$4,10362,25890,46 371,960950 
$2027 3,25 549, 5402, Seas ,900055 
657535992,7 9972.0 5470, 861605 


A Tarif or Abacus for reducing the natural Logarithm to Mr 


SS » "4 ” FU 


. Briggs's. 


F .£Y 


1 


As the diviſors are au 
Series. 


of making Logarithms. 


gmented, ſo likewiſe muſt the number of 


23 


Note, In the foregoing operations, the Logarithms of the 


products or quotients of the fractions arc 


to be found by ad- 


ding or ſubtracting their Logarithms. 


pdt. 


| 


13264 
60806 


3 


„28 007.566 32 


57815, 
6722 


62644 
4,92199,03960,d 


p, 


3431 322 


6 


60733, 
52146 


88023 
8203 


775, 
663, 


42032,91 
63049,37 


p, 


7833, 21016,45887, 94011 
666 
5513499, 


73 


1060, 451.56 
2,0773 


4 


91 300743 
190510,99.59 


79276 
68914, 


3 


A Tarif or Abacus for reducing the natural Logarithm to Mr. Briggs's. 
7 
6 


.60.57 


2] 1.7371 


I 2 
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+ | 1] 0.5805858,$9538,06503,65530,22578,3 


Briggs's Log. of *= 0.09691,001 30,08056,41435,$7$352 


But this work having been already 
accompliſh'd, need not here be tarther 
infiſted on, the natural Logarithm 
of 10 (which is half of the hy- 
perbolick Logarithm of 10) having 
been computed and confirm'd by -a 
triple Proot to 83 places, is found to 
| be 
The reciprocal of the natural Log. of 10 
—0.86858,8y638,06503,65530,22 578 
c. multiply d by the natural Log. s, viz. 

0.11157,17750,57104,87788,3147 55 


0.0868 5, 88963, 80550, 36553, 022 578 


868, 588 96, 3806 5, 03655, 302258 


86,8 5889,63 800, 50365, 530226 
43.42 944,81 903,25182765113 
6,080 12, 27466, 45 52 5, 587116 
868 5, 88963, 806 50, 365530 
6080, 12274, 66455, 255871 
608,01 227, 46635, 52 5587 
43,2944, 81903, 51 828 
5,21153,37828,390219 
43429,44819,032518 
6080,12274,664553 
$0,558$9,638905 
347433,595523 
09487,117104 


6 580, 22747 
608,012275 


69, 487117 
0,945712 


. 


„. — 
73 5 * ww . 
Ind * 
3 
— — 


—_ 
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— 
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24 Mr. Sharp's Methods 


be 1.1 5129,25464,97022,84200,89957,27342,18210, 38005 50744, 
31435,04 16653 048, 3786 $04838,67624,0, and it's reci- 
3 be 0.868 58. 896 38, 06 503, ö &c. whereby Mr. 9 ahe 

ogarithms, (which are moſt convenient for uſe, where the Lo- 
garithm of 10 is aſſign'd =1,00000&&) are dedue'd from the 
natural by multiplication. For inſtance, the natural Logarithm 
of +, found in page 21, is in page 23 reduc'd to Briggs's, and 
for the more caſe, in the like caſes, the reciprocal of the natural 
Logarithm of 10 is multiply'd by 2, 3, 4, 5, 6, 7, 8, and 9, in 
the ſame 23d page. | : 

Not only to confirm the former way, but to ſhew that Briggs's 
Logarithms may be immediately rais'd with the ſame eaſe and ex- 
pedition as the natural, I ſhall give tor an 1 Briggs's Loga- 
rithm of + thus rais'd, in which it may be obſerv'd, that the re- 
ciprocal of the natural Logarithm of io is made the firſt divi- 
dend, and all the reſt as directed for making of natural Loga- 
. rithms, in page 19. 


The Series for Briggs's Log. of +, twice 4 t the firſt diviſor, 
and the ſquare of 9=$1 the diviſor for the reſt; as in the 
natural Log. of 5, page 21. 


9) 0.86858,89658,06503,65530,2257$&c{ The add Powers divided by 1, 3, 5, &c. 


( 0,09650,98848,67389,29503,358420 | 1)0.09650,98848,67 389,29503,3 58420 
81)96&c.(119,14805,60091,22586,461215 |) - + e 
S1) 119 1K c(1, 47096, 303 71, 49661, 561249 5) 29419, 26074. 29932, 312250 
81)14709&Cc.( . 1816, 03 74,95674, 8340 89 )))) 259,42910, 0810, 90384 
81) 18160 Kc. . . 22,4 1979,93773,7 6338490) 2,49 108, 88 197084820 
81) 22419 7&0 (. . 27678, 6466, 342758 117) 0 aides ee 
$1)276787&c.{ . .. 341,713 14, 399293 133) 26, 28562, 646100 
meine“ 421868, % 00 %% )) 28 124, 538600 
81 4218680&c.{.. .., 5288, 247889 ad; IDE ETSY 306, 367523 
$1)5208247XC,{ . . . . 64, 299357 1999999 384177 
8156429935 77 „„ = ũ— 6mm duets 37801 
8197938190 004-6 Þ „e „ QNCO JJV) / / ͤ cc es a8 
„bbb 1212333) L 5 


Briggs's Log. of 1.09691, o0 1 30, 80564143 5,878331 
Co. Ar. is Briggs's Log. of 8 . 90308, 99869, 9 1933, 58564, 21669 


What is here written, is ſufficient to ſhew the method, whereby 
the Logarithms of ſeveral of the ſmall prime Numbers were made 


by the aboveſaid Mr. Sharp, who with inexpreſſible care and 


"= has computed the Logarithms of all primes under 1100, 

y a double 1 to more than 61 places; but the eaſineſs 
ot this method may tempt ſome curious Reader to examine ſome 
of them, who will then be better able to judge how much we are 
indebted to this admirably induſtrious Author, The 


{ 


of making Logarithms 25 


The next work is to ſhew, how Briggs's Logarithms of the larger 


E are immediately compos'd ; tor which ſeveral Rules may 
e laid down; but that which is moſt general and caſy, and comes 
neareſt the former, is this: | 


Rule I. Let the Number, whoſe Logarithm is ſought, and 
either of the other two numbers next it, greater or lets by an 
unit (the Logarithm of which is given) be made an improper 
fraction; to the denominator doubled, add 1, that ſhall be the 
firſt diviſor, and the ſquare of that muſt divide the firſt quotient, 


and all the reſt : The dividend muſt always be the ap plow 


of the natural Logarithm of 10, viz. O 50855,89635,00503,05530, 
22578, 37833, 2c. but all the reſt muſt be as directed for making 
natural Logarithms; only the ſum of the Series, or Logarithm 
ot the fraction, when the given number is leſs than that fought, 


muſt be added to it's Logarithm ; and when greater, ſubtracted 
from it. Ex. gr. | 


The Series to make Briggs's Log. of 251; take 250, the next leſs, 
to make the fraction 2, whoſe Logarithm is firſt fought ; 


twice 259+1=5g21 the firſt diviſor, and the ſquare of 501 = 


251001 the diviſor for the reſt, as in the following operation. 


501) o. 86858, 89638, o6 503, 65 530, 2257840 The cdd Powers divided by 1, 3, 5, &c. 

G74 sz oh. 14091). 0173, 37105, 6599, 80769, 521409 
251001)1733 &c. (69, o) 185, 65503, 6464783) 23, 02395, 21834, 548826 
251001)690) 185&c. (. . 27,5185 5, 8312660 550371166253 
—U—U— 1 ̃ 11% ² d! „„ 166218 
6 2 ⅛˙ w ᷑ꝛẽfg2̃ Re op 5 


Briggs's Log. of 4*$=0.50173437128,:9990,5297 6,50271k 
| Log. of 250=2.39794,00086,72037,60957,252221 
TSHR: 25 Log, of 251=2.39967,37214,81938,13934,054932 


Rule II. If two numbers, next that whoſe Logarithm is ſought 
(either one greater and the other leſs ; or both greater, or both 
leſs) have known Logarithms, the ſquare of the middle number 


ſhall be the numerator of the improper fraction, and the product 
of the other two, the denominator. 


For an Example, take 239; it's ſquare is 57121, and the pro- 
duct of 238 x240 is 57120; whence the fraction is 52! =: ; their 


ſum 114241 is the firſt diviſor, and it's ſquare 15c510c6081 the 
diviſor tor the reſt, as in the tollowing Serics. | 


1142410.86858,89638,06505,65530,2257( The odd Powers divided by 1 and 3 
| (0.00009,76031,28157,19841,086215 | 1)2,00000,7 6031,28157,19841,986215 
1325100608g)7603128 , in; 19 110, 053 


» r * 9 en a 
a 2 Briggs's Log. of +++++ D. 0000, 503 1,2815 7,39202,295 205 
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26 Mr. Sharp's Methods 
Tf the Log. of the.middle number be ſought, the Log. of the 


fraction, added to the Log. of the greateſt and leaſt, will be the 


Log. of the ſquare of the middle number; the halt of which is 
it's Logarithm, as in the following work. 


it Prigzs's Log. of 240 .... + . . 2.38021,12417,11606,02293,624459 
. B 0 NO. 2.37 657,695 79,56511,95446,612505 
za (=1ſt + 24) Log. 57 120(0r 240K 238) . 4.75678, 81957 68117,97740, 236964 
M Log. n 0.20002, 76031,28157,39260,095268 


5th(==3d ＋Hgath) Log. 57121(0r239X239) « 4.75679,58018,96275,3 7000, 332232 
the half is the Log. of 239 2.37839, 79009, 4813 7,68 500, 166116 


If the Log. of the greateſt or leaſt number be ſought, ſubtract 
the Log. of the fraction from the Log. of the ſquare of the mid- 
dle number, the remainder ſhall be the Log. of the product of the 
other two; from which ſubtract the Log. of the known number 
the remainder will be the Log. of the other. | 


Suppoſe the Log. of 239 and 240 given, and 238 ſought; 
then 5th—ath=3d, and 3d—1ſft=2d: If the Log. of 239 and 
— Fi given, and 240 fought; then Sth-4th zd, and 3d 
— ==11t. | - 


Rule III. Find ſuch a product of the number, whoſe Loga- 
rithm is ſought (the factors whereof have known Logarithms) 
which ſhall be greater or leſs by an Unit than another number 
compos'd of ſuch as have known Logarithms, theſe two ſhall 


make the fraction, whoſe Logarithm is to be directly found, 


according to the former preſcriptions, and the Logarithm 
ſought muſt be thence deduc'd, as in the laſt. | 


Log. of 227 = 2.35602,58571,93122,72010,304898. 
This laſt method may ordinarily be render'd as univerſal as the 


firſt, and more expeditious than the ſecond ; the only difficulty 


is in finding out proper numbers. 'The method I commonly 
us'd, which rarely fails, is here ſubjoin'd ; as in the numbers 223 


and 229, which is better underſtocd by the performance, than 


expret>'d in words, Rs 
223 


ens ens mp, bp oo my 


„ 6 44 tak tos po Bnd0 


# 
ab 


of conflruffing Logarithms. 27 


7 == 1401 1669 

50 = 17840 2 

223 R 87 = 19401 or 223x 13 2899 
200 = 44600 2 == 156100 

287 = 64001 713 = 155999 

I = 229 9 = 2061 

30 = 6870 60 = 13740 

229x6 31 = 7099 89 13801 
100 = 22900 or 229 x <4 800 = 183200 
131 = 29999 869 = 199901 

9000 = 2061000 


287 u] 715=31X255 and g9$69=1539X71. 9869 —= 2260001 
Here two convenicot fractions are diſcover'd, for making the 
64001 TX41X223 159007 __ $O0CX5} 
64200 64000 [Ig 158999 31x23 223 


225, viz 


Logarithms of 30200_ 30000 2260001 __* 1X! 8 


= „ 
29999 131Xð 229 22609000 113X490v 


229, VIZ, 


Rule IV. Raiſe the number, whoſe Logarithm is ſought, to it's 
ſquare, cube, or greater power; and if the number greater or leſs 
by an unit than ſuch ſquare, cube, &c. be compos'd of ſuch 
factors, as have known Logarithms, thoſe two ſhall make the 
traction, whoſe Logarithm is to be tound, as before. 


An Examp'e ſhall be in finding the Logarithm of 211. 
2T1IX21IX2TIXZ2ITL 1982119441. 
6oX28Xx53X1 i 3X197 = 1982119440 ? the ſum 3964238881, at the 
firſt diviſion, quotes the Log. of the fraction to 29 places. 
396423888 nnn 5c. oo, ooo02, 19 106, 1108), 78080, 3573 
Add the g. of 1982119440 9.297 12,98 200, 1664, 54044, 84 244, 8307 
The Sum is the Log. of 1982119441 9.297 12,982 1,997 70,66032,62325,1y70 
+ of which is the Log. of 211 — 2.32428,24552,97692,6655$,15581,2992 


4 
Rule V. Find ſuch a product of the number, whoſe Logarithm 
is ſought (the greater the better) which hath two numbers next 
to it, on both or either fide, compos'd of ſuch factors as have 


known Logarithms; then ſquare the middle number, that ſquare 


| ſhall be the numerator, and the product ot the other two the de- 
nominator ot the fraction, the Logarithm whereof is to be made 
according to the Rule; but it muſt be obſerv'd in which the ſought 
number is ingredient; for it in the numerator, the Logarithm of 
the fraction muſt be added to the Logarithm of the denomina- 
tor; and if in the denominator, it mult be ſubtracted from the 
Logarithm of the numerator, 
f e 2 Coe 
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28 | Mr. Sharp's Methods 


Convenient fractions found for making the Logarithms of 211, 223, 


227, 229, 233, 239, 241, 251, 2575 263, 269, and 271. 

Of 211; 211X1 122321, 2 | 23212321 3 82041 
232.2:=54X43, and 2329=29X80 ; 2322X2320 5387040 

Of 223; 2231322899, . 289912899 . Sg 


then 


2$98$==23X14%9, and 2900==29X100 ; 2$98X2900 8404200 
Of 227 227X175==3859, 7 PWR 3860x3860 . 14899600 _ 
2860=193X20, and 3861=143X27 ; \ 3859x3861 14899599 
Of 229; 229X31==7099, : then 129957999 _., 50395801 | 
5100=7 1X00, and 7098=42X13X15533 7098X7 100+ 50395800 
Of 233; 233X43==I1019, LY ? then 11020X11020,__ 12144040 _ 
11020==29X19X20,and I1021==107XIlog; \ IllOIgXIIOZI 12144039 
Of 239; 239%41==9799, 0 then 9898 . 9694 
980cm=98X100, and gSoI=zggXg9 ; 9799981 96039999 
Of 241; 241X41==9581, Pl then _YSS19881 927634161 
9882 1189, and 98805=52X1905 5 9882579880 57634165 
Of 251 251132881, 0 then 3288832880. 10810440. 
328802137240, and 3287 9 3 32879 K 32881 1081094399 


Of 257; 257X47=12079, ? then 12279812079. 145902247, 


1207$=61X18X11, and 12080==151X80 5 12078X12080 145952240 


Of 263; 263773219199, £ then 2201220. 368640000, 


ol 1919919201 368639599 


Of 269 269X19X9==45999, 8 then-4 2248299. 2115908001 
46000=40XI1 000, and 45998221 IXIC9X2; 45998X46000 2115908000 * 


Of 271; 271x269=7 2899, 2 then 28272899. 1314264201 


7129008 *9οο, and 72898=127X41X14; 5 728929 5314264200 
The like Expedients may be found for larger Primes. 


Another different Method of making Logarithms, deriv'd from Dr. | 


Wallis's 1/luftration of Mercator's 2uadrature of the Hyperbola 
in Phil. Tranſ. N* 38. wherein the greateſt part of the Work, (viz. 

_ raiſing all the Powers) is perform'd by multiplication, being more 
expeditions, in raiſing the Logarithms of the firſt primes, with 
thoſe of many large ones, than the former by arviſion, and very 
uſeful in compoſing a Table of Logarithins, 


E Tany three numbers in arithmetical Progreſſion be pro- 
pos'd, the leaſt A, the middle =Þ, the greateſt E. 
It the Logarithm ot any one of theſe be given, the Logarithms 
of the other two may be thus obtain'd, by an infinite Series. 
by Sen ea” wad 
| I. Let the firſt term of the Serics be O. _— E 
II. The Series CLC CAC +4C\+4C5-þ1 07 +4C8 


— — , 


CT.. III. The 


of making Logarithms. 
III. The Sum of all the odd Powers, (vis. C+3C3 +305 
. 6:1 E 

CAC &c. ) is the hyperbolic Logarithm of / x; © 

IV. The Sum of the even Powers, (viz. C +{C* +5C5 + 

50s ＋ C“ &c. ) is the hyperbolic Logarithm o y/ 2 | 

v. The Sum of all the Powers, or Z+3, is the hyperbolic 

3 | 

Logarithm of 


VI. The Difference of the odd and even Powers, or Z—X is 


E 
the hyperbolic Logarithm of x * 


If B be equal to 1, 10, 100, 1000, 10000, Oc. all the Powers 
will be rais'd by the multiplication ot C continually for the hy- 
perbolic Logarithms; or of C into the number o. 43429448 &c. 


and into the ſeveral products for Briggs's Logarithms ; all which 


Powers mutt be divided by their reſpective Indices. 
This Method hath this peculiar advantage above others, that 
a Series once rais'd for the firſt numbers in that progreſſion, will 

enerally ſerve tor finding the Logarithms Xx eight or more 
83 without any more labour than addition or ſubtraction; 
and therefore muſt be of very great uſe in compoſing a Table, 
eſpecially as it is moſt expeditious in making the Logarithms 
of the firſt primes, tho” not for raiſing every ſingle Logarithm. 

The Logarithms of the firſt primes, viz, 2, 3, 5, &c. muſt be, 
either the Hperbolic, or the natural, fince in all methods of raiſin 
Legarithms, theſe firſt offer themſelves; and from hence wok 
be deduc'd the Number 0.43429448 &c. or it's double, which 
reduces them to Briggs s: Amongſt variety of expedients for 
effecting this, the following is caſy, and capable of a competent 


exactneſs, by three Series; for fewer will not perform it without 
more labour and difficulty. 


The iſt three numbers are 96 A, 100. B, and 104 E; then 
| B-A_100-96_ 4 E—B_104-10_4 E-A_ 
CCC 
2 9 r. , TOE . 
8 ſo that 0.04=G is the firſt term, 


whoſe POwWers, Se. make the firſt Series. 
The ad are 92 = A, 100=B, and 108=E; then B—A 8 


— — 


c. o8 C, the firſt term of the ſecond Series. -., HOO” 
The 34 arc 975=A, 1000==B, and 1025 2E; en B — 


. O25 C, the firſt term of the third Series. The 
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The iſt Series. 


0 

. 
V 
V 

G.... 3 30's ot 106 

WT 4+ 5. #+0.50.5. + + 0808 

So SE ²˙ 5-5:6% 16384 

QC? 5.4 05+ 052.» +++ » C3336 

$2. 45.5 0 »5.. ˙ « « 202008 
N + + + + + 048576 
A SS 46505 5SEe 00 0 » 4194304 
C11 C 


HAK Eng I « + + « « 6710886 


‚——U— 40+ +400 0% +5 + +» » 269435 
C8 oo on + +5 „10% 


. 535 17 


. 0.0400000000000020000000000 
bins. 213333333333333333333 
FCS - + + + + » 204800000000000200 
„ 's ++ +0 5.» $34057 142357147 
= <4 ² 2%0 eee ge id 
_ V 381300364 
f v 1 
I? “ * „* 716 
120 «« 0 % 0 e e 1 


DIR 9 27840521 7778767 68212711895 


Methods 
'The 2d Series. 


C. o. 8 
. 
ARTS 


3 

8. . 33368 

G ͥ 264744 
„„ 2097152 

„„ „ „ „ ins 

Wn © - + « 134215728 
C .0 0 + «+ 1073741824 
＋ꝶõũüůñ̃ñ..uu 589934592 
* + ++ ++ + + » « « 68719476736 
C „ „ „„ 5.7 $48073581389 
C14 TTC 4398046511 
000 SITNCTTST 


TCC ö „ „ 0: 0.0. s 


TTV "> we 2251800 
Wo 45: 05 + +6) „„ „„ 
G ꝶ)922 14442 
j)) 
, SUS 


'C . . 0,0800000000000000000000000 
1C) , . . 1706666666666666666667 
cs: 6553600000000000000 
C. . . . 29959314285714296 
C9, . . « + 1491 30808888889 
Ie... «+» 180903144727 


3C* , . . . . 0,0008000000005000500000000 
ICs + * + » » + 649000000n000000001 


GW 3819200000000 


rg 4.4 ++ 45.5 5 dos 
oo RE + + +++ 3981013 
10%4 

J 19174 
„„ Lots 3 27 


X==log. 2 080064060 3459166426881 
22 825.0408 219945202551295545771 
2— log. 124203922071 31532$12962692009 


8. - . . . 6826666 666666667 |7 


So... + » « 4225390876 
„„ ER — . » 23456248 


Z. — 0.080171325037 7896916894914 
20. 0,0032000000000000000000000 
165 + + +» « 102400000000000000000 
Cs .. + + » 436906666666656667 
3C% . .. 5 « » « 2097152002000000 
S . + + + » 19737418240000 
xF3C** „% 60-0 57266230613 


[4C'* „„ 4 314146179 


„%%% DET > 1 
CEC 10008 


X og. 1299.03 210283901461 568707274 
Z LEX log. 192 0.08338 165893905 10583 2 
Z — N log. 880 6961041 136128 3 249842 


* 


. 
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Of making Logarithms. 
The zd Series. 1 


. to 0 2 0.025 
G3 5-35" 65" 3--05v" 3-8 5 OY 
DN 53 6.0 + + + 040-8009 


GS HSA OR 390625 By theſe three Series, 
C 3540+ 6 nab the Logarithms of all the 
NE ET primes under 29, except 11, 


%%% „ and ſeveral above it, may 
(00. 132587890625 [be made: For the Loga- 
Cl. co. 40+ 44+ 38146972656 frithm of 7 is got from 1008 
CC, , 2.400000 +5 00.0 + + « 953674316|=12X12X7, by ad Series; 
Ci . V„I43841858ſef 13 from o = tz, by 
CI Jog ſiſt, or from 97577 N13, 
G... Ie enen 
S b 4. + SISA 09-0105 0E-19- 

W.. + « + 0.2250000000900000000000000 wv pa pn by 

%S 06. 0' » FIOCILELLILY 2 ; 3 from 92=—g&23, 

Er ERIE TT IE CLETDES 5 04-4. by 2d, of 31 from 992 
77% % TIEN INR by 2d; of 41 from 
1G? . Ü ]̃—§—;LT ] «. ˙— , ̃˙ ; 4 28 4238552517 1025==25X41, by 3d; &C- 


5 

Fo ˙ÄA . rr Py oO 
A 1147]. The Logarithm of 11 is 
Z:=Jog y/ 22 220.02500521028753306882090153 _ * 3 
20 + + + + » « » 976562500000900000 | the Log. of 29 from a Se- 
Z 4690104 1666667 ries of 0.00c5 for 1000 
, ried cis s:0.o's ©. 190734863281 15X23X29; and the Log. of 
e,, YT EEE 95367432 37 from 0.001, for 999= 
11816 TT.((ͤͤ ˙² AA rt Ss 49916 27X37; &c, | 
CCC 3 

X=log.y/ 22£2££=0,000312597696959187194707 7 


7 +-X=log.*222=5 0253178 984289875403 7230 
Z. N log. C888 . 0246926125903 715010143076 


* 


1ſt Neper's or the hyperbolic Log. of *$3=5.04082,19945,20255,12955,45771 


2d. VVV 188.07 696, 10411,36128, 32498, 4217 
R da: J 41995 =. 0253178079, 84289, 87540, 37230 
n. a+ 4% + 1488 29.03 922,7 131, 53281, 29626, 92009 
5th iſt Tlcdcldl . 5.11778, 30356, 56383, 45453,.87941 
6th zd +4th.... + 5 «+ 6. +$:20,06453,8$5211,375571,15163,290239 
-th=;5th+6Gth,.. co. + . +» + « 5=2.18232,15567,93954,62621,171t0 
Sth=1iſt +Sjth ...... + + + + 5.0 » » $22,22314,35513,14209,75576,62951 
gth=;thq-Sth.... co... + . » 3822,40546,51081,08164,33197,S013L 
1oth=9gth - th.... 4.28768, 20724, 51780, 92743, 92190 
11th=gth4+1oth .. . coor, 220.603 14,7 1805, 59945,30941,72321 
1 2chegth-E-IIi itt z.. 09861, 22886, 68 109, 69139,52452 
13thilth&ks;ů zz .. . . 82.7944, 15416, 7983 5, 92825, 16964 
14th=$th-13th .. . « .. .. . « + 10,=2.39258,50929,94045,08401,79914, 


54684. 36420, 760 11,0188, 62877,29760,333 7, 90096, 5726, 09677, 35248, oz; the 
Reciprocal whereof is o. 43429, 448 19,03251,82765,11289, 18916, 0508, 22943, 
97205,$0366,65661,14453,; 8311365. 


I ſhall 
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1 ſhall here offer one of the three Expedients, whereby theſe. 
firſt primes, together with many others, were computed to the 


exactneſs of $2 places; which was by ſix Series, from whence 
the Logarithms of theſe ten fractions were made. 


100898 1 5 1000125. C2 I275% Ath 1000000 
1000 1000 992 322X351 I 000000 1000000 999998 
1000; th 10000___ IOO ; 6th 10001641 ; th 12990 
N22) 5 9996 14X42X17 100000 100080 9975 
2089. ; oh 100000 100; (th 1880. 1000; and oth 


15*35K19 | 
1002003__72X17X19X43, 
—— — | 
1000000 1000090 


99875 125X17X47 99975 75X31X43 


fe 1008 „18 100 63X63s 1000125 ,, 10127 ,, 1000000 63X65, 


— — — 


1060 1050 992 125X31 1000000 1000099 999998 128X310 
63X63 ; C 1008 , 1008 „ 10. 127; 100016 „ 10. 
125X31 * 128X3t 125 1000 1000 9996 25Xl7 lo ο,õ 99875 
100 6, 16X27 ._ 18816817; 100 „ 1000098 12X17X19. 1c00 
9975 15Xt7 25XI7 1577 8 99975 1000000 | 125X3t 992 
. 12X17XI9.__, 125X125 ; 125X125 , 16X16__ $X125X125 . <XI25X125 
12531 48Xt7X19 48X17X19 * I5Xt7 16X16x16x19” L679 


-  T0200..,_ 21X25X1249 128 128, X125 . 
— = Ln EX nx 22 2, 21 __ 1008 
15X35XI9 16XL6X16X16 125 125 16X16X16X16 20 20 1000 


25: 128, 25 16. 


and 2! x 23 x 16. 


9. : ; 
r 3? &c. as in the former operation. 


Expedients of this kind I have us'd, both for finding and 


proving the Logarithms of all the primes under 1100, and 
many above it. | 


To exemplify the making of Briggs's Logarithms immediately by 
this Method. 1 | 
Take the three numbers in the ad Series, viz. 92=A, 100=B, 


B— A 8 8 3 
108 E, then = =——==0.08 C, by which multiplying the 


reciprocal of the hyperbolic Logarithm of 10 (viz. 0.43429 


&c. N) continually, and dividing cach Power by it's Index, 


the tollowing Series are made. 


NC 


Of making (ogarithms. 


NC=0.434%c. C = 0.034743558552260146212 
N = 4 Kc . „ 27 1948468418081 1697 
NCi=2;3;79&c.xC MO 222358774734464936 
NC*=22238c.XC . . + + 177881019787 57195 
NC*=1;18&c.xC . - + + + 1423096158300575 
NC*=1423&c.x . 1384692664946 
NC'=1158&c.XC.. - - + « » $107815413124 | 
NC. = Yo c. XC 8 3 "ITY 728625233050 | 
NC*=5286&c.XC WM. + + - 59290018644 * 
NC. *=3582&c.XC , . . + + + + + +» 4663201492 
NCi:==466&c.XC Cc. + + + + 373056119 


NC &. X . 29844459 
NCIS =298&c. . . . 2387559 
NC'+=238&c.xC.....- +++ 191585 
NCIS I DI&c. %,. 13280 
NC. l 528K. & . 1222 
NC' 'z=1228c. XC 1 1 . 98 
E 0.034743 558 552260146212 
„ « 74119591578154978 , 
INCs5 . + + » 284619231660IL5., 
NC . 8 oy | | 
ei 54: + « 5:6 4 ++ $303 L10487009 | 
T 1 ne 
g 211 . . | 
1 FE CITE C . 183658 
A „ 143 2 JOB) 
"NC"? . * * n . 6 
Z;=log of / <2} —0.03481 796407069 7216507 
A 0.001389742342090405 545 
NOT 34 bo 5 058 \ 444717 5494699299 
INC5 C 1897461 5444008 
2 91078154731 
4 P 466320149 
7 NC 0 . . * V 2487040 | 
251 0005-4 $8" 4 þ > "Tu 
S2NC!'* c.o 0 «+ e 


| 0.08139420$383747 514194 


NAog. V 2233 5= ; 
0.9334237 55485949702313 


7, og of 43 = 
Z+X =log.of +22 D. oz 
| Log. of 92 = 1:9 
If (CG== 0.008, NC 
INC). q 4119591578155 

INC, . SROIIIDERLY 
INC! 1 | .. 8 $--0 130112 
P 


! 


— 


. 
INC! _. . 


— 


15. 0.0900 


_— —— 
— 


Es logy/ £2222 


6908 


= 138978681 57429053 
og of =. 003460532109 506486158 


| 


making. . dos; whence the 


tar d. 


2121726 54444730701 
63787827345555269299 | 
0.003474355855226014621 | 


615 


ONS 
Hence tis evident, after the 
firſt Series is compos'd, how 
 eafy the others are thence de 
rivd, even with no more la- 
bour than tranſcribing: IT have 
inſtanc'd in the next place, i. e. 


Logarithms of (144X3) i008, 
and of (3 2X31) 992, arc ob- 

If C==5.0008, the Loga- 
rithms of (752X139) 10008, 
and of (SX 1249) 9992, are 
got; if C0,00008, the Lo- 
garithmsof(216X463)100008, 


| and of (8X29X431 ) 99992, are 


had; and if C==5.0000058, the 
Logarithms of {752X17X19X 
43) 1000008, and of (8X49X 
2551) 999992, are got: So that 
the Logarithms of ten primes 
(thaſe of 2, 29, 17 and 19 be- 
ing given) are obtain'd from 
this one Series, viz. 3, 23, 7, 
31, 139, 1249, 463, 431 43 
and 2551. 

Many other Series are as 
prolific as this; and tho the 
labour in raiſing the firſt Se- 
ries may be conſiderable, yet 
the advantage of gaining ſo 
many Logarithms thence, ſo 
eafily, makes abundant com- 
penſation. 

I ſhall by another Inſtance 
| ſhew the advantage of this Me- 
| thod, tho perform'd by Divi- 

ſion. 

Let the three Numbers be 
1899 521 1X92=z A, 1900 


land 1901 E; then 


4 


— 


5 


1900 1999 
by No. 43429 &c. muſt be 
multiply d (i. e. divided by 
1950) continually, and then 
each power divided by it's 
Index. From this Series the 
{ Logarithms of the pritnes 
1211, 1991, 2111, 19001, 227, 
Jand 25143, are obtain'd, as 


74K log of 73 0.003488327845321344204 


1g of y92= 2965116741541 78655736 


{hewn inthe next page. 


i 4 


1990) 


ECT AG Ao EEE; 


19000228 5&c. (NC * „ 2 „„ „% % % „ „% % 6 „ , * , « 12030318058261823481 


1900)9231&c. (NC- 2 © +» © VVV 


Ms + gp INC* .. oe. >+4+ + » - + « 0-00000006015159029130911740 


2 1 — 1... log. of 18999 
| Sth== 
| . —2d+6th= log of f 19003 8 . 4:21877645795564486107 592092 } 


* 


34 85 M. Sharp' s Methods | | 
ep (NC : F 000022857624310697464613217 


n 
00 . n Þ.0:0.00.0:9:0 0:0:.0.0-0:0 0.8 7 

1338 (NC $0810 050 35008900 00 cs Fl 000228 1753946355 
1900)1 7 53&c. (NC / i 10 0o'o 04.09 95: 50.4 4 JO . 


T. es: > 2+ ©.000228576043 10697464613217 
iNW) cc ec + + + EHiooB2115484530 
NC %% 0 CLIO 
INC" 6's C .. 69 


Z=log. of i . 8880127 7858427788810 


VVV 833124519270 

INC* IA DOE IE 153855 \ 

log. 25 .. + ©,0000000601515986225 5584865 | 
1hk=Z + X = log 00 HE oo oe. . 0.000228636215811421$64.71952 
2d . log. of 190 32787 5360095282 896133633347 
3d==2d — ft = log. of 18999 « « + « 3-27852496473791753967161395 
qth..,.. log. of Hg.. . . . 0.95424250943932487459005581 


—_ — 


Sth=3d—g th= cc 2.3242 8245529769266 508155814 
Gth= Z — N= log of 1283 , , , . 0.0002285159126141767 5302222 | 
7 th=2d+6th= log. of 1 3.2189821 16865443 13828935569 
1H C= 73350, then NC a = 0.00002285760431069746461322 | 
NC „e 2110582115484. | 
8 . IR I 330380 
- Z.= log. of \/ 3.9994 ==20.000022857 60433180328 580314 4 
. ES e - 07 | ' 


NCC. . - ++ +» +» 83312452 

Xt=log. of / 355599925 =—= 1 — 590374621 569 
rr log. of 1418885 KEE = pomp . 

„log. of 19000 . rn 

; 4.27873074274698 12545043 120 

ath . log. of .. + «+ + - 0-95424250943932487459005581 

-d-+-ath=lop 3 3.3244882333076563 7991425883 

h=2, — X low of 48222.  . .. . . , . 0,00002285700281589953958745h 


If C= TPTTGTs then NC=>.00000228576043 1009746457 32 1 
N 2110582117 

Z log. of / 222991 —0oo0022857 6043 159887228247 

5 | 8 3 51 590 91 309 1 

| (C4 NON en Fg ge: 8331 
log. of / 17 88899 0 eee eee i" 
ITY of 145955 + + » + . +» 0.00000228576644624988149669 F 
afl - > + +» « +» 108. Of 190000. + > + « 5.2787 5360095282896153633347 | 
3d 2d — iſt = log of 1999999 5 27875131518638 271165483678 
gth . + . ., . . . log. of n 37 ++ +4 2-927 2545 7993259991 551787 ST 
= d 4th = log. of 227... .. .. . . 2.35602585719312272010304897 
6th=Z, - X log. of 129994 - + + -+ - « 0,00000228575441593182306825 
»th=2d+ 6th= log. of 190001 . . . . $.2787 55886707244893359401 72 
8th... » 100-0 9, » c» » »* - + . . 0.8450980400142 5683071221626 
grh==th=8th= log. of 27143 +» SO 4 de h 
as 1 


„ * 


: 


of making Logarithms. | 39: © 


To find convenient Fraffions for making the Logarithms of parti- 
cular Numbers, without any other Ai en than by the Indices of 
the Powers. . 


Take ſuch a product of the Number propos'd as begins with 
an unit and ciphers, or with a nine; if the former, ſubtract ſuch 
products from it ſucceſſively as begin with the ſame, or next leſs 
1 than that which immediately follows the unit and ciphers, 
u 


tracting the laſt always from the next former, multiplied by 10, 
100, Se. till a convenient Number be found; if the latter, add 


ſuch products to it ſucceſſively, when multiplied by 10, 100, 


Sc. as will make the following figures as near nines as poſſible. 


Ex. gr. 

Rank x Rank 2 Rank 3 Rank 4 
251 X42 1004 251 X3=753 257 Xq==1028 257 X3=771 | 
XI —251 X9==2259 X1===—257 X8=205 
X399= 100149 X39589789 X29 ==10023 X38==9766 

Xg= —125g 8 2008 = —2056 Xg== 2313 
* 39852 1000235 K 398 299898 X3 89221005244 ** 39 299973 


Xg= —2259 XA 1co4 R —2313 XI 2657 


X3984 1=10000091 ' * 1 X33911=10000127 X3891==999987 


In this manner convenient Fractions are found; as, 


1000 1000 100000 IOO 1000000 1000000 3 I ©OOOOOO IoOOOOOO 


10000 Icooo _ , I000000 __, I000000. lococoo __ 100000000 10023 


25 X5g== 1285 
251X(2887X2.3X6)398406=99999906 2.57X(13 19X59X5)3 891052=99999985 


2004. 2814; 100149 Ii 1000235 251X797Xs 10000091 = 288411; 


5889 © 251X199X2 * "099984 TD 95555508 25872558 10000 


5 257X39, 1000244 = 257X139228 10000127 —257X233X167 100000 —' 100000. 
F 10009 1000009 10600 10000009. 10056068 5557 339X257 


1000000 L222; eee Where the Powers of tho 


999987 1297X257X3) "09999985 "13 19X257X59XS" | 
Numbers 0.004; 9.00149; 0:000235 3 ©-0000091 3 0.00102, ©.000016 


0.00000094 z 0-0023 ; 0.000244 0.0000127 z 0.00027; 0.000013; 0.0000001 5 


reſpectively, are required to be divided only by the Indices of the Powers. 


Note, Tho? this Method ſeems more limited, as not admitting 
of every particular number, yet at the beginning of the Table, 


where the other is moſt laborious, this is moſt commodious, and 
affords excellent expedients for many great primes; but where 
it fails, there the other becomes more convenient, and performs 
with greater expedition; ſo that both together render this Art, 


viz. Logarithmotechnia, moſt compleat, 


f2 A A Table 


A Q et Yor * 


- 


1 — — 


Briggs's Logarithms of all Numbers to 100, and 


* 


7 


N. 


[ —Logarithm. _ 


1 [o. ooo, 00000,00000, ©0000,00000,00000,00000,00000,00000,00000,00000,000000 


.30102,99956,63981,19521,37388,94724,49302,67681,89881,46210,$5413,104275 


7 205999 13;27962,3904227 +777,89448,9 860693 536 3,797 62,9242 1,7 0BL0 2.08549 
2.69897,00043,36018,8047 8,6261 1,05275,50697,32318,10118,53789,t4586,895725 


the 


77815512503, 83643,632 50, 87667, 97979, 60833, 59683, 18745,65280, 4406 1.402931 
b. 84509, 80400, 14256, 8307 1, 22 162, 58592, 6 36 19,3483 5,2396, 32.396, 5406 5,0363 50 
o. 90308, 99869, 9 1943, 88564, 12 166,84 173, 47908, 03045, 69644, 3 86 32,562 39, 312824 


b. 95424, 25094, 39324, 87459, 005 58,065 10,2 3061, 84002, 57728, 38139,17296, 597313 


1 .00000,00000,00000, 20000,00000,00000,00000,00000,00000,00CC0,00000, C00000 


1.04139,26851,58225,04075,01999,7 1243, 2424, 17067, oa 190, 4064 5, 30945, 965 390 
1.07918, 12460, 4 7624, 827 72, 25050, 92704, 101 36,27 365,09627, 1149 5323755 206 
1.11394, 33523, 068 36, 76920, 6505 1, 57942, 32843, 8297,29 188, 38706, 827 18,011910 
1.14612, 803 56, 8238,02 592, 9551, 533 17, 12922, 025 17,2277, 7860), 3947 f, 140624 
1.17609, 1 2590, 5568 1, 24208, 12890, o85 30, 62228, 243 19, 3 8982,72858,7 323 5,1943 82 


5.23044, 892 13,8273, 92854, 01698, 94328, 33703, oo07 567 378,42 504, 63973, 803685 


1.27875, 36009, 52828, 96 153, 633 34,7576, 92931795 11, 29337, 39449, 75989, 68189 
1.39192,99956,63981,19521,37388,94724,49302,676081,69881,46210,85413,104275 


1.32221,9294.7,33919,26800,72441,61847,75150,26837,01260,51466,12713,3 35006 
1.34242, 26808 22206,23596,39388 65967,51726,84748,92071,92856,16359,069665 
1.36172,7$360,175$92,87886,77771,12251,18954,9697$,11034,33609,61882,7 56055 
1-38021,12417,11606,02293,6244.5,87428,594.38,95046,98508,57702,14887,611480 
1-39794,00086,72037,60957,25222,10551,01394,64636,20237,07578,29173,791451 


1.41497,33479,70817:90442-02440,52666,82 145,75979,19069,349 17,6813 1,116184 
1.43136,37641,58987,31188,50837,09765,34592,76003,86892,57208,75944,895969 
1.447 15,80313,42219,22113,96940,4 804 1,02224,70199,52159,2481 2375 1244899 
1.46239, 79978, 98986, 087 33, 28467, 62969, 25499, 12542, 94417, 88715, 38410, 653969 


1.49136,16938,34272,07900,07041,00118,41572,23037,01558,30418,46559,383498 


11-505 14,997 83, 19905, 97606, 86944, 3622,68 13, 3840949407, 3 1054, 7065, 521373 


1.5185 1,393 98.7788 7,47 804, 52278,74498, 13955, 9068, 31054, 687 14, 89594, 264047 
1.53 147, 89170, 42285, 12375,39087, 89052, 8 300,6 7757, 72 59, 887 15,493 86, 907959 


1.54406,80443,50275,63549,84773,63868,14316,67153,82514,86185,68651,932075]| 35 
11-55630,25007,67287,26501,75335,95959,21667,19366,37491,30560,88122,805 862 


1.56820,172.4c,66994,99680,84506,89539,12944,79829,72690,16631,25466,176799 
1.57978,35966,16810,15675,0072 3,70481,4223447193,19218,35660,61402,172463 


29 1.89106, 46070, 6499, 206 50, 153 30,61197,44374,00298,58052,57776,41366,310g66 


1.502079 13, 27962,39042, 747 77.894480 8005, 35363, 79762, 92421, 70826, 208549 


11.61278,38567,197 35,49450,54118,49968,18079,95305,13633,83368,70890,073567 


1.62324,92903,97900,46322,09830,56572,24452,94518,91141,97676,98126,439281 
1.63346,34555,79586 $2640,50881,532.29,22215,88087,74$84,380C9,34145,247493 
[-64345,20764,86187,43117,76777,60692,01c29,52430,81953,39067,01772,173939 
1.65321,25137,75343,07937,63 169,1 1785,73759,16320,67846,91928,3 1883,493038 


1.66275,7$316,81574,07408,15160,0697 5,69257,64657,00915,79820,47295,960329 | 
. 67209, 7 8579, 35717, 46441, 42192, 99449, 20064, 01598, 03098, 42994, ) 8270, 373294 


1.68 124,12373, 755871814, 998 34,8215 3,08741, 62728, 88 390,039 13, 00305, 715755 
1.690 19, 60800, 285 13,66 142, 44325,17 185, 27238,6967 1, 44792, 64793, 08 130,0%2699 
1.69897, oo043, 36018, 80478, 626 1105275, 50697, 32318, 10118, 83789, 14586, 898728 


. 70757,01760,97936, 6583, 51977, 97583, 4523 3, 92076, 96242, 61574, 22622, 102341 
1.71600, 3343 6,347 99, 1896 3,3 9829, 47391, 31448,4366 1,0895 1, 31128, 83844, 220459 
H- Z 7,869 g o) 89,0456 329922, 91627, 25659, 26955, 02401, 29493, 805, 941030 
1.73239, 37598, 22968, 80709, 88226, 04489, 83 898, 43685, 76474, 03419, 6 1358, 00244 
1. 6, 26894, 942438 64610068 18,83 121,493 88, 12 209,00 48532, 861116 


1.74818, 80270, 6200, 41635, 3432942766, 11527, 37881, 42040, 1029, 10304, 349173 
1.75587, 48556, 2491, 39883, 136 13,79012,04462, 71512, 58201, 585 19, 34637, 366845 
1.76342,79935,62937, 28254, 65856, 57693, 74801, 80224, 84299, 34926, 23823,758244 
1. 77085201 16,42 144, 19026, 06863, 8453 6, 14423, 89267, 4447493076, 52 155, 272857 
1.77815, 12503, 3643, 532 50, 87667, 97979, 60833, 59683, 18745, 68280, 4406140223 1 


712,12547, 19662, 43729, 50279, 3255, 115 30,200 I, 28864, 19069, 58648, 298656 


1-20411,99926,55924,78085,49555,78897,97210,70727,59525,34843,41652,417098 16 
1.25527,25051,03306,06980,37947,01234,72364,51684,47609,84350,02709,701587 | 


1.47712,1254.7,19662,43729,50279,03255,11530,92001,25864,19069,58648,298656| 30 


10 


nale E 


54 
8 


58 
59 


56 . 
57 


60 


n.. 


” 
* —— Ie A” - 


G1 
6 
63 
6 
65 
66 
67 
6 
69 


72 
73 


2 
76 
77 
78 


1.86923, 17197, 30976, 19202, 21895, 8426 3,6224, 47511, 62571, 62842, 10879, 28 1074 


_8511.92941,89257,14292,73332,64309,99603,84400,32393,77496,96293,78560,699410] 85 


1.78532,983 50,10767,03388,57485,13757532.134:92633,78757,11340,42120,703480) 57. 
1-792.39,16894,98253,87488,04429,94842,90874,90718,91439,76629,31972,48777 3; 


1-79934-054944535$1,7053022720,65102,86681,18838,30124,70535,71361,633662f 
1.80617,997 39,83887,1712$,24333,68346,95816,06091,39288,77265,12478,625648 
1.81291,33566,42855,57399,27662,63217,83540,40615,39306,92495,97 304, 907639 


1:8$1954:3935$-41368,67325,89667,69222,63257,76750,20936,11925,75007,36832 1. 
1.82607,48027,00826,43414,91316,29226,06858,09496,26080,56861,38691,17916Go} 6 

1-8 32$0,$9127,06246,3 1896,76476,83771,32308,36439-47 141,34926,34800,012234 68 
1.83884, 90907, 37255, 3 1616, 28050, 18 506, 30488, 88976, 39898, 52679, 20531, 547110 65 
1.84509, 80400, 14256,8 307 1,42 162,5 8592, 63619, 34835, 72 396, 32 396, 54065, 363 50 70 


1.85125,83487, 19075, 28609, 26294, 35035, 4291 3,2704, 19901, 60039, 19762, 556499 
1.85733.44964, 31268, 4602 3, 12724, 90683, 70969, 387048, 27372, 7677 1,73535,910137 
1.863 32, 28601, 20455, 90107, 43869, 0470, 30853, 44528, 682 55, 31165, 7488 1, 1 e 73 


; 


1-$7506,12633,91700,04656,75501,13 806, 14292 6, 56637, 49 101, 26647, 87 922, 90107 75 


1.88091, 35922, 80791, 35 196,38 112,65205, 9153), 14875, o9 100, 3 187 1,468 15, 276738] 76 
1.88649, 0728 1, 72481, 87 146, 24162, 2983 5, 66043, 5 1902, 74586, 79041, 88011, 001740 77 
1.89209, 46026, 90480, 40171, 527 19,5592 1, 93676, 67980, 47934, 3987, 26779, 4148410 74 
1.89762, 709 12, 90441, 42799, 48213, 86478, 24968, 64828, 62019, 25 15,03 156, 163513 
1.90308, 99869, 91943, 58564, 12 166, 84173, 47908, o3045,69644,;3 8632, 562 39,3 12824 


1.90848, 50188, 8649, 74918, 01116, 13020, 46 123,6 8005, 15456,76278, 34593, 1946260 $3 
1.91381,38523,83716,68972,3 1507, 44692, 67382, 6298703515979, 56303, 177842 92 
1.91907, 80923, 7607 3, 90383, 27603, 52027, 26 124, 70016, 37658, o806 3,4535, 293708 83 
1.92427, 92860, 6188 1, 65843, 47219, 51296, 73755, 62200, 8 1023, 43887, 83539, 843585 


1.93449,84512, 43867, 72161, 88270, 47953, 71518, 55769, 64768, 84220, 19558, 351768 86 
1.93951, 92826, 186 18,2462, 78746, 66224, 37030, 04 544, 23282, 77 84, 97058, 952625 
1.94448, 26721, 50168, 62639, 14166, 5416, 503 32, 20112 7/1834,88277,87185,278214 
1.94939, 0066, 449 12, 8472, 3543 3,9702, 44112, 4665 1, 61858, 10024, 45836, 328694 
1.95424, 25094, 39324, 87459, 055 8, o65 10, 2 306 1, 84002, 57728, 38139, 17296, 5973130 90 


1.590471 3923, 21093, 59991, 87214, 16534, 96462, 43133, 1584, 1103, 36783, 49a og 
1.96378,78273, 45555, 26929, 52549, 01700, 17560, 32338, 90797, 26031, 32708, 964604 


6 
6 
62 
644 
6 


F 


1.96848,29485,53935,11696,17320,03373,53103,15038,30422,49488,05207,682155| 93} 


1.97312,78535,99698,65962,79582,9417 3,69366,69279,92979,89205,63683,477569 


1.97772,36052,88847,76632,25945,51032,43629,11829,39455,93238,90575,963914| 95 


1.99227,12330,39568,41336,37223,76877,58044,30410,78271,50123,85713,$20029] 9 
1.98677,17342,66244,85178,43618,11665,57744,94258,41584,63886,69747,187207! 
1.99122, 607 $6,92494,85663,81714,11909,76541,37353,34674,11003,93543,176974. 
1.99563, 81945,97549,91534,02857,77753, 25486, 1069, 59918, 847 84, 48242, 862703 
2.004 32,137 37, 82642574275 188 1,7 8222,93 791, 32192, 89355, 20645, 25914088 186181 


2.01283, 224705172, 20517, 10711, 94580, 23942,43905, 23496, 9760305647, 528079015 
2.0293 8,3777 6, 85209,6408 3,454 12,3946 1,43 564, 6 1268, 1689 1,6340193 8 19, 8 166200107 
2.03742, 64979, 4062 3.63520, 5 133,076 13, 87828, 66422, 04522, 82798, 36821, 104005] 
2. 08307, 84434,83419,72279, 52270 8609, 448 18,477 83, 83623, 62209, 73395, 1870540113 

10380, 37209, 55986, 86424698742 182728625, 85765, 63239, 792 39,3 867 7,6878 22027 


131 


11727,12956,55764,26081,00542,70697,73859,47801,63117,12162,69689,770335 121 


137[2.13672,0567 1, 56406, 76856, 29266, 27114, 8973, 36782, 2970), 46423, 504 56, 632444 
139 14301, 48002, 54095, S045, G43 32023 19, 8473 1,44797, 32967, 91785, 93 396, 574308 
149f·. 173 18,626 84, 2274,03 825, 3635, 42628, 3 3705, 39346, 7 1326,37222,11012,048653 
151. 17897,69472,93 169, 43686, 907 30.883 32,2027 8.84460, 3428, 7687, 748 10,97 1401 


163-212 18,6044, 3997, 80764, 09 14, 35925, 99475, 49930, 97247, 35985, 6 185, 303704 
16722271647 11,4783, 7998, 40759, gz, 467 53,446 13, 38401, 33 125,822 89, 069635 
173E- 23804, 6103 1, 28795, 41456, 05 302, 58758, 46888, 77816, 83269, 13492, 66453, 988743 
179k. 282 85, 30309, 79893, 1697,03 820, 91773, 8861, 943 10, 2090,67 852, 862 39, 477285 


191 z. 28 103, 33672, 47727, 83763, 5043 5,982 70,6103 1, 84957, 36134, 17 824, 30405, 89 1262 
193k. 288 55, 3090, 0773, 76089, 72 386, 46353, 3 1082, 10979, 21601, 94604, 884 12, 889733 


15912. 19589, 96524, 0923 3,7 3676, 14811, 29897, 28370, 065 1, 90992, 85 52,9587 3,59 44770157 


FF 1.88769, 574 9ſt 


211 


197 2884826 1, 61592, 92737, 17443,17717, 15501/5120, 64672, 0483, 36906, 180720 197 
199 
—.— 


29885,30764,09706,65010,902 17,844 19,80284,14948,88771 49927, 3243 1, 907068199 
2.32428, 24852, 97692, 66508, 18581, 29927, 88865, 15502, 58802, 90193, 86869,0147 30011 


223 


A a 


2-34830,48630,48160,67347,51762,16240,35284,44534,24237,98021,08177,2.315821223 


= 


22-912.35983,54823,39987,99412,79298,65526,65887,03358,93242,54.32.8,14002,593934 


| 


23 3j2-36735,59210,26018,97218,91388,35476,85936,08884,54098,32289,45750,38 1402 
23 


22 . 122,7 2010, 30489, 64753, 67294, 74838, 826 1, 56058, 484 16, 49468622 


331 
+37839,79009,48137,68500,16611,60147,89212,27092,2242 1,69429,85262,5997 34 2 391 


—_— 


* ow ̃ ——— — EET 
= 


— — . 


ene — Ln ond 


2 . nn 


* 1 inn 


— — Roy mT OY 
— 


ä - — 2 2 
— ꝙ— rõ— ö —¹-m-⁴‚1 ig. ̃ . ————————_—_—_—— 6 
"<> 


— 


8 — 
— — * - N 
— R 


. 
* = mY wo 
„ Dodd —_—_ 
# "= * Re, * 2 
5 — — * 


on © 
ay 


2 
- 2 
— 
N 
© 


F 


- 
4 8 


257240993, 3123 3,3 1294,37 16,28954,659 19,63 183, 9299, 89891, 62261, 22 190,65 7085 


263241995, 57484, 89757, 86897, 223 35,8387, 11811,42207, 573 387652, 58581, 8476 82/263 
26912.42.975,22.800,02407,98008,74.285,15871,27175,37709,54680,103 37,16358,2024921269 


2.7112.43296,92908,74405,72952,11801,94875,18026,90280,28099,7-1147,47 196,959683[27 1 
1=7712.44247,97690,64448,55377,77563,19599,75831,09223,84739,72572,00838,275546]277 

28112.44870,63199,05079,89286,39179,16275,08871,55000,84994,87733,11091,22.5526|281 
28312.45178,64355,24290,23555,8051 d,10570,23772,98828,25398,13326;05411,834686[283 
1293 [2.46686,76203,54.109,45624,375$5,12602,18133,14970,80293,87633,91801,387293[297 


39712-48713,83754,77186,48475,46084,36539,33504,93281,89817,26663,11352,5679591307| 
(311]2-492.76,03890,26837,50555,30231,83253,64155,85949,18519490441,42.367;7$2324/311 

31312-49554,43375,46448,48480,81265,04861,24315,15792,98693,98571,52993;1968131313 
317/2-540105,92622,17751,49455,32290,16378,22488,04877,22158,71549,07278,1119791317 
331125 1982,79937,757 18,73860,81406,07 340,85663,5082.7,13549,69614,46087,2955101331 


}z41] 2.38201,7042.5,74868,38407,68839,66454,632 94343 845,7 542248794 1,37 116, 907 8024.1 
2512-39967 ,372 1481038, 139340549 3,16706,90408,18574,66685,39318,23086,587977251 


57 


3324.582762, 99008, 1338,26 19, 00147, 90194, 5 1019, 87041, 58 106, 86338, 94145, 590771 


35302. 54777,47053, 87822, 56849, 70693, 15968, 56 119,79362,7 1500, 87293, 47356. 171768 


373.7170, 383 18,8687, 605 50, 68969, 38701, 43991, 49308, 3 3032, 48651, 82230, 828475 


35912-55509,44435,7 $319,14781,65293,94413,89970,02357,64461,12862,45018,19484 11359 
36712.56466,60642,52089,33798,75290,93006,90914,75947,52157,57773,73388,52918c|367 
379,2. 57863, 92099, 68072, 34193, 14620, 59454, 44405, 294 13,872 10,9692 3, 21381,08 12580379 


3832.83 19,87739,68622, 7403 7, 9046 1, 29502, 11234, 47857,39787,5 1936, 8 1090,6883463 83 
3892. 58994, 960 1325707, 3624,49469,1173 1,9270, 14076, 41221, 24688, 9864 576438403 89 


347 z. 54032, 94747, 90873, 1853, 53573, 03206, 97397, 86865, 56 176,9 1243.650852, 250367347 
349/2.542 82,4269, 59179, 89684, 1719,77 159, 63066, 3 1783, 0866, 75487, 4 181, 9902960349 


1419/62221, 40229, 66295, 30985, 0 395, 99373, 7 3621, 255 14, 08166, 99180, 26223, 814797 
212.6242 8,2095 8,3 5668, 30744. 40669, 2342 1, 4437 1.094 37,884.88, 0168 1,8692 8,08 8298 


397 2.59879, 5067, 63 115,06587, 68482, 40668,63 112, 25522, 37562, 91876, 18078, 5883860397 
401½z. 603 14, 43726, 201 82, 30654, 464 11,48 149,42549, 75 189, 88963, 37359, 82761,562011 
170 a. 61172, 3 3080,07 341, 80360, 95027, 17736, 46679, 00320, 5 1595, 68285, 67279, 407082109 


43 1/z.6344/,/ 2701, 607 31, 60075, 2 803, 26184, 67878, 49873, 63233, 16232, 39160, 168424431 
433-3648, 8963,53 365, 44269, 80664, 49685, 26766, 8604, 17833, 53839, 4652,63 32090433 
739½z.64246, 45202, 42 121,3 7063, 37411, 806 13,3 1363, 46233, 64482, 93 197,7 8492,69 8498439 
4432. 64640, 37262, 23069, 5602 3,0 1044, 89684, 53902, 83230, 694 50, 39547, 3 1960, 2188780443 
[482]2-65224,63410,03 323,17491,90263,53743,43105,35027,59942,01108,72112,400383 


46112.66370,09253,89648,14507,46818,18487,42133,71937,47244,04$39,02463,622776 


| 463.665 58, 099 10, 17953, 13567, 4193 1,8438, 70855, 401 57,6450, 4697 4,53 874, 83 80901463 


467/2z.6693 1,68 805, 66 112, 16308, 805 10, 89779, 99674, 10010, 61401, 588968, 77853,654228 
47912.68033,55134,14563,22009,69639,66962,31078,2.72.66,76340,01805,94696,676822 
487.687 52, 396 12, 14634, 33 246, 32050, 644 35,7 5372,3843 3,544 13,59009,69060,272.887 
49 102.69 108, 14921, 22968, 47275, 36909, 83546, 3943 5,54 324,952.19, 4316465484, 93 5064 


499K. 698 10, 54 56, 233 89,91416, 59050, 36033, 38846, 7 3162, 68889, 76588, 4407, 2168660499 


5032.701586, 79850, 88927, 39709, 82240, 90279, 52 805, 5006 1,793 11, 53264, 13 100, 626989 
50912-70671,7782.3,36758,74656,80767,11564,25501,75116,31022,82795,59327,732505 


45712-65991,62000,69850,22235,35461,4.5220,477 14, 05940, 16 155, 52489, 88626, 587883 457 


£2 112-7 1683,772.32,9952.4,47423,63411,86589,82340,55592,48804,35659,10389,037518 
523027.7 1850, 16888, 67274, 23926, 1265, 78891,07882,08229, 27624, 54022, 80340, 618542 


5410z.73319,7265 1,6569, 43687,93 482,43 895, 35766, 2744, 51 126,549 18,7249, 958843 


$47] 2.73798, 73263, 33430,77381, 2647372842, 064 11, 41123, 32573, 38734, 83672, 544294 


FT 2.75050,83948,51346,22909,45827,07761,08389,89309,27510,02997,46276,527041 


57102.75663,6 1082, 48848, osooꝗ, oz 84 1, 3003 1, 3957 d, 8074, 83 371, 59899, 19622, 253745 
8772.76 117.5813 1, 5573 1, 42848, 883 36,67 563,87 165, 18349, 9463 1, 080), 86067, 506949 


557 2.74585, 5195 1,7 3728, 90044, 34334, 98899, 3 8696, 26667, 2982,65 562, 8 89 16,047639 887 


5692.7 5811, 22663, 95071, 17228, 70885, 24030, 20058, 87808, 40866, 56954, 493 37,662 164569 


5871 2-76863,81012,47614,47606,35592,98596,71376,19981,12599,0567 3,24995,758554|587 


599 2-77742,68223,89311,37982,81725,69101,74684,25198,87827,14494,37552,485037 


60702. 783 18,869 10,7257, 58096, 1986, 30455, 95072, 14062, 423 17, 98498, 79486, 868541 
61312.78746,04745,18415,03774,22662,81456,45078,29528,38564,77870,60511,887769 


617]2-79028,51640,33241,68204,54661,67275,45331,98845,73431,10231,76836,317560 
61912-79169,06490,20117,97679,79674,34394,50849,41105,79264,06695,48606,134085 
63112-80002,93592,44134,31301,69298,49975,36836,15526,2 1483,45926,22618,819406 
641]2.80685,8$0295,18817,42224,83770,09638,02810,30784,64091,37064,08860,016375 
643|2-3082 1,09729,24222,07249,19385,05465,83232,48443,16034,72535,33279,47 $692 


593 2-77305,46933,64262,60639,667 15,5982.1,78133,09249,84055,79640,65224,216122|593 
60 112-77887,44720,02739,52088, 58506,99987,83983,48917,52297,24032,80181,145090[601 


643 
6 


647 2:81090,42806,68700, 38445,84305,62795,357724333 74527 $2,88620,55534,785384\647! 


8 


3 


1106 


2.85672,88903.$2$82,60776,76506,51400,88113,55319,50785,66409,97910,2.73075 


112.88138,46567,70572,82636,87243,35559,42944,66262,26115,19329,16113,770466 


787|2-89597,4732359064,55847,49 105,93093,84403,00557,3 323530892057 59.509372 


2 312-91539,98352,12269,83976,77077,50599,55 165,51291,17431,03959,40095,528115 


1 $1491,31812,75013,02142,93105,65465,57968,44420,93073,$9911,14836,790768 
2.81888,54145,94009,86128,04846,07065,03884,71245,58914,63114,16630,4874.50 

2.82020,1 4594,8 $640,2.3664,6 571 8,9 76 80, 9240, 2447 5,29 556,4 1077,27411,C01763 

2.82801, 80642, 23976, 84647, 61 709, 94824, 66587, 84392, 73852, 95699, 07219, 527629 
2.83088, 86686, 88144, 3 1600,60 170,60 8771579 1,96987,21 $69,42085,75219,422835 
2.83442,07036,81532,56339,98239,41016,94314412$19,92074,22395,15101,356100 
2.83947,$0473,74198,40758,33677,24326,62643,33706,67025,71535,20888,200815 
2.8457 1,80179,66658,65706,40223,372.50,50440,16828,60606,067 10,9937 8.642626 
2. 85064,6235 1,8 3066, 54285, 38844, 79778, 89914, 12079, 23404, 57372,91344,7 15434 


2.86 153,44 108, 59037, 8362 1, 34642, 8678, 396 13, 39988, 0242, 96505, 5660, 50999 
2.86910, 39746, 41127943 17,2813 1,0289, 86776, 1208 1, 12268, 36 141,015 39, 967269 
2.86864, 443 83,9482 5, 3669, 3585 5, 14263, 03827, 8685,62960, 601,9 3030, 162646 
2. 87098, 88 137, 6087 5,29242, 26723, 41223, 78639, 86402, 35201, 5826, 22906, 426 196 
2.87863, 993 70,04 168,3 8974,89 88 l, 092 5 1.089 13, 797772592486, 2300 094497287288 


2.87909, 58795, 00072, 5709, 02275, 46289, 2883 1, 29598, 556 10,7568, 18424, 909661 


2.88592, 63 398.0143 1,3960, 42922, 39990, 68928, 55438, 24266, 7 3676, 32839, 540297 
2.888 17,94939, 18324, 90897, 4688 1,27193,74602, 82 128, 27448, 5 1788,65 363, 280475 


2. 90145,8 3213, 96112, 34726, 66008, 27220, 37150, 60763, 8ooꝗ8, O48, goa 14, 87117 
2.90794, 852 16, 12272, 30432, 362 85, 45880, 42181, 46893, 16537, 70803, 38 111,022662 
2. 90902, o8 542, 11156, 3069,03 308, 48 322, 97484, 96977, 10288, 36812, 366 16,4 89430 
2.91434, 1571, 19440, 77 180, 40593, 41703, 71406, 12897, 21030,05294, 12843, 31072 


2.91750, 55995, 52546, 6707 1, 16671, 84496, 53756, 13593, 71081, 3043, 502 19, 579982 


2.91855,45 305, 50273, 5311, 51367, 88077, 88 199, c, 6885 1, 2704), 81176, 3 10395 
2.92376, 19608, 28700, 27499, 86012 , 26886, 40032, 82838, 28125, 42235, 169835, 539741 


2.93094, 903 11, 67523, oz 999, 84 110,76276, 5 32 84, 29746, 89789, 1072), 91914,383868 


712. 93298, 082 19, 23 198, 16429, 25296, 947 30, 29838, 4465 1,803 36, 92988,47 621, 669468 


2.93 399, 3 1638, 3 1242, 30262, 85442, 12269, 3 1107, 6 1700, 39788, 213 70, 784 14, 500987 
2.93601 07957, 18209, 59266, 36308, 69754, 18427, 13577, 12652, 84446,77410,023962 
2.94299, 9593 3, 66040, 5 1822, 80278, 3 8087, 14352, 881 14,8720, 72879, 32288, 432978 
2.94497, 59084, 12047, 91274, 23677, 89471, 82528, 26645, 36543, 68702, 11333, 795990 


0 312-94596,97035,77568,58561,59053,7 3327,89211,59413,79689,03497,15640,730610|_2* 
2.94792, 36198, 31726, 392 19,65090,14904,07473,08873.98971,35988,60988,634764 


2.95760, 72870, 6095, 25584, 72 139,01 553,62348, 76 134,7 8601, 27524, 6375,59 1947 


2212.968017 139,9 364 1,763 18, 47673, 87 869,084 18, 86826, 5 1327,04702,6148 8, 402088 
9374z.97173,98908, 87778 26302, 75767, 32122, 15899, 55792, 6170 , 53 802, 5 1627, 468099 
24 JJ2.97358,96234, 7256, 90834, 22975, 1055 1,9624, 82 320, 8 1816, 02782, 59678, 888750 
9547-97634, 99790, 3273, 41875, 0113775925, 22039, 1622,95 145,9 8964, 50857, 6643 10 
953.979 09, 29006, 38326, 40853, 29398, 47717, 31227, 47302, 88220, 10598, 20494, 368710 
967Jz.98842,64740,8 3001, 67 359,7 7060 1186,27 11, 8227 6427,01 12, 13 308,637.87 
971.9872 1, 92299, 8004, 862 80, 3 13 89,065 36, 25 140, 4053 1, 99480, 84 889, 06 195,03 1834 
977298989, 45637, 18773, 7091, 48028, 11052, 34926, 25914, O83 10, 84838, 41813,133125 
9832.99255,35 178,32 135,62274, 96349, 24741, 43785, 19748, 99290, 019 15, 16629, 68 1606 
992.9960), 36544, 85275, 32836, 44343,78815, 42086, 41325, 12663, 228 12,08 18,8484 18 
1 2972-99869,51583,11655,71988,13717,02813,27239,27091,29009,56252,34578,237114 
j100913.00389,11662,36910,52171,52813,16509,55886,55201,95652,55260,09846,382 385 
10133. 00560, 94453, 602 80, 4.945, 016 17, 20070, 22 165, O86 30, 76662, 06266, 67962, 258984 
10193. 00817, 41840, 06426, 39490, 49899, 22311, 83296, 76922, 24936, 36781,15542,4252 86 


193113.01 32.5,86652.,8 35 16,54690,96644,09013,44583,24998,28006,59445,12.546,301730 
1033[3.01410,03215,19620,57904,40100,62744,77060,74356,514c0,55338,40683,272162 
103913.01661,55475,57177,41240,21010,01361,62758,7 1828, 97066, 20300, 27455, 851333 
104903. 207 7,5488 1,93 557, 85990, 2007, 63 899, 91741, 19141, 86191, 40 4c 9271212173 
105 13. 02160, 27160, 28242, 22008, 37688, 89097, 91687, 94575, 066, 00863 13290 080g 
1061]3.02571,53839,01340,66612,28844,73990,78253,18778,56167,59546,12209,837461 


lo6y 


0297 3-04020,66275,7471 


2-95951,83769,72.998,24763,28008,17777,19688,55416,00035,05336,77914,2767 34 
2.96331,55113,86111,26519,69202,08586,23523,20678,28235,45128,04.319,378878 


3.00902,57420,86910,24724,81480,36966,37851,03031,35315,99655,45437,518936 


3.02653, 32645,23296,75697,14741,94622,85093,72551,33664-50701,42150,29966: 
3-02897,77052,08778,01749,01456,79857,36936,27594,4892.5,00824,96999,02955+ 


108713-03622,95440,86294,53992,62573,76344,44115,71246,06239,23536,42216,49471c|: 
109113.03782,47505,88341,87761,10634,29318,59826,96526,11482,20421,01725,763338 
21093[3-03862,01619,49702,79226,92555.27640,43892,49476,76830,67575,gCo87,01c561 


1.1222 


—— —_— . 


nd . „** * 


1.54832, 405 8 16044, 802 36,805£62,48547,”757 1,c004 181100 


* 
* 


* 


"I 


edt 


268509 


86g 
og dor 


6718S 


6g So 


2498.888898 701648818 8 o 87 


8 71811888˙96 p 
50698 L5£558%98 oog“ SE 161 T 28 T ttt 


95826759883 


LLLFS 179% ge gige 
Jod TA ht ger 


991918997898 
Gr gow6998%908 6917Þ1S LEE ES Lg fe 


28]:05515£ 206Gobge +54 
84186˙68558˙9g 


otgtog195g%0e8!| 6 f : 
£6>60%7+958*98 508411 1956458 ttt 


* 


55251788719 5 028777 ak ; | | 
778405 Sg rl. 8188.56 55191619548, rod ee 00k öS Fog 0er 
gSgot rb 1*t6900'619gger+£41* M86 £90017 1hog Litgri gr Lot rg Lvb6LEEEiotg36r3tg 1'gg108*0g0g%00000'9]FlOO0OT | 
gÞS67+16g1*71067£506g 7+ +1241 £29 6ELI Gg67 9175+ toowt 5bgg1 96.97 £651 g 659 1 L9516*LSHgSoOOOOg[E 100CO! 


6491 SzgSlfebbgett ty 
tool cc tgoligggoge ty 


tySgzrowL9g93 


grztt og lSgh9g c c 
z296L£<LL589g Log1tz166g* 106z'+£Þ 


69168 Þg954* 
agot + 8645898 9465"7895400167 FE 
erer 


grotg 57g ogg N. 


6 rose αε et 1950˙ 868 888 18 7781 If lgStoglggogttlicy igrg liggg*t15 to S115 000009 . Iοοοο, 
87488 Tg 1658˙1 7669 7577 0588 490119608 8686188 Nr gr 1466175675 £56771 £9970 1*zL_LEFOOOO gf 1 10000T 
98294: Too 1.9 be lf FIPS EOF agh iO Ei eaL CES] GET Eg 1L FIG FIT gg 1 EF FOI Ee Gert 58.5 
Lt S6 867981 6% 6LOC retro 7 76FOTTSPLOGLOTHIIGEEF EPPS SELL 6f Tre got ge LEE goCE OO gGOOOOOT 

tobS#0S2gr0161 +22 167+ . 1 Ob gg7'1 L918 S614 4 L+E£ 000009] 8000001 


65S6g*S9140*%Le6gr tie 


LSvEOEgII99qLg1 62 +5% 


'9g cy. c c 
g765g08 LO9SELECHOSESCE SES 


$578 LFS5658 0g $6£98%0zg944gol6r+f+ 


2 ®11SÞolftogegf 6462 Þ%%% 
—— 888515 og gogg gg Ye 
41510468098. 08665 8.15855. 668 k 
£5ELo*Sgoogog|! 15 {S*00607*g9Soot +F£+ 


ogg LO SES 


oe ** G5 L62oMM6SgLE 1g9E EgrgSHLEGEIgSgf gf 65g9%68 20 19451 EE LoS otof ooo") os e. 
08646*11988**LL9677 bozo (t - - - - — — 
FF £485 1506 6699Þ%5660tLS7gLg0LSÞL IgE gOECITO TE gg fEESBOBSIIFT LIE OOO gf SOOOOOI 
g9556L4g +1768 1962674 £4\ 0661427 41 9% bg 5765 Egtob 6 SobrttiSool 1igg7tt£ 54+ 41 LEL1 ION g[FOODOOT 
£ 10£g*1+654*6L691%g6E Srl ge1gortgE 999th ggoggtogbrbioffziiictgtgges 55 6igg Et 16+1g%gzot1ooo0'g[t000001 


6TogofgS1EE 9562+ 
54689061 gbhÞ6r ++ 


LEr1g0*g99g061796z2+t% 


55 eee 
ob 11 e 9180 SE 

— : —— 7907 L6ESgfEobot tir 

$0L9cS1zog og Igg25*9g519%o6Fot fe 


ogg , io fr 


1197? 1Þz9g*%9g 


— vrCog Solos ft 


64 


erg 


*L*1LE98%g98 


o6S6g1o0gLELLSOEFEF 
oo N Ebobetggot tte 


1415E£0996\L£got*+E+ 
139S6*£x62gÞ760t +£Þ 
$48 196972691100 EE? 


* 


— 


7 $+ LI SE LÞEREE LOS tt EH 8795089773 585599 619666548 56958916855 588185840 zggeotggtt £4904595466666'S 066666 


Go 3 Gb E240 ot c grogtg 946t*zr166* £0554 L61ge gbgSogtg644g95g96L<698 12 560gg 5g9g00000099] 000001 
: 7575 _ — — 2191 ZI III Nor Tool err os Lbgzho tt ibofooooorg[l00000T] 
81671 7889 586689 78588 000000f@0000%00000%00000f 00000 %00000Q00000%0w0000% οοοοο 00000%©00000*00000*9ÞO00000T 
S85gH6LEO8BESHETE STS Erb ES gitggo*ob169%gg516<LSofgffogr+ebgizgolg ls Sr btffoot5ofL5 956 466666:5]666666 
72495 SÞz1 Lomb gLgSSETÞ £Þ 41% 98<LzE60gorSt461641%05tz9%Yg1 85 L6 Hg E814 14H LEON LOTION IE 16 66666r5[866666 
{11 Eh*g990gÞ 6766 Lo0g96%t+f+ oggE6g*16105*Z6g6g116%#Sz5LS*1+Þ181* 5 L{1 8767491196 665+11 L69g*66666-5] £66666 
$951 g9g01*SzLE2*g9E£+96*7+t+ LoLE6LoL191*tozl7gI6S +15 HE LSELSg 998 “8120.868818 2978.666680 
£885 44965. Logs _ 2896· 50 $E7LEEG9IL 11 £995 % OTTO OS E866 179h8 {1 91 zz 58 284766666•805 66666 
1886T*g1S>60LSE8%0% L6erÞ 5+ TgoS5EFOSTg* 1695976469 f gooofgl6LotloztS*1tE+SÞSBET I GEESE RE GE L 66666 556666 
8684881818898 1 6ELLETH e SLELSTOOSE8FRLLERTLS LLOERE Sf 17t 1 L SEE So,, 66569 66666:5]£ 66666 
9525 town gl _LEHE LIgOtH ©5869 1946E+ÞLL_EFSE8 11 LYELESIOEECE Eg i++ $bgLt FO SES gGEESENS 266666 
F7tot to551 900577098 eh SSgE 1ELoLoS*tEg16*mggor+£+g1%998 SL9L918 64617 gogE off LowEE 1609766666 · 8166666 


: - ; 11L<69%06L0f1LoSt*gg16ÞFfgzgt 5trrooobte tiÞtl11G6ESSO Feb tELELTLSCOEEO'S 686666 

oebrg 11174259 SCs TIS L£0L+gfatot SEÞS6IgSg6L OL GYGHEgE 1gE+Lf01 919671 gol L46HE+RE LE GEES $[ 886066 
0661 6©0256++61S6+$F$EO08+ 5+ 61£94L065gh*tbb+{£69L8 L90961 9757 18514 16g6£ 56550 LEOGFE IS £+466666:5] £86666 
561 FaboSE cs 8871868154 8% 8081 2ER t15+z£>+1666L0Lf£06%0g60*z69b£g616£466666:5]986666 
7161048285 eee GSO669 6FLSM Em0greragt gf f g II LE TOgSSTgogg1 CVE EghtIGE EGS ge E G6666:5]586666 
9800 7.64 80.480 4 oc Fe 48,7647 1618.5 (56,6161 LEST LggOST ESE TE 197 COgttt I SOEGEEES'S 786666 
5 5Corkozleger ors ee? $9877 ol 70.8101. 1847898, 969 less +g0g £61501 £69197 666668 £86666 
4 1846249 7858587551 Sect 87 061 +64gg1214657+1*0L9SHo01+voggtonLg13iigho6g'1 11616968 97g 17 66666:51236666 


* _— 


„ TAE” WY 


2 r 


U S 


: — $1465$*6551+*29111<L96£1<0b12*796go*g591 15S L5£95*Le1 6g 75+ g92t g+ 16666655]! $6666 
— ——ů— —rp‚ — — — _ — — — — 


— * __— — 


— — "_ 


| "nx 


— —i< — OI ART > q—_— eat 


w_n—< wy + —— — — ber mer — — ———— — A. A. ded * ** 


1 
— * 


* 


— 4 od W "WC 


—— — — 


CY n 2 —ꝙ＋—ðjꝰ: 2 — „ IR OR * — th ate N — mea 
. a, 20x oa. 3 * . 
, 


td 


* Tx 
— rn rue 2” DT — a hte — — — 


_ 
Pe 09" 


— — 3 ——  — 


2 3 
_ Y ma 2 


* 


— 
r * * n—_ — = 
4 ls. "a - OS 
8 WY 1 


—— — — — 
ju \ 


* 


r 9 | 0 7 Jo 3001 0 $2413 5 8596g%g5g980 Ag pondninu 811. 


5. 8 | 
6£99z%< Soo Egrogsr*Lg61'zl56{ogri'ffgizions iShoglbolgoogotibooofoooes * e e 4.5 wh 7 Jo uινũ 0 Ir πντ. 


# 


))VVVVVVVVVVVVVVV Cc VC 


SSO % M i 
org ide Sr Ser l!!)h)0 hh „„ „„ „„ „„ veg * 0» 


r ũ ęKn . , ¾ ] ũ P iV 55.3 do. v4. 0,“ Þþ wes po a oe 
reger“ 1ch6$ 717g ggreg obs 17b466<6$6i0%UL{g91toSitiogibofigcogotlCoodfocooo'o q/ꝙ rtf rene ne Y 
0809 1161218818188 88,1811 0g. 148668 801 br ho οοοοε gr (£2 I _.,.. 2_ #449 

a Fos d Egg ii Sg li I gi EL EEE Lg L_SHSOHE LEI Gbg fb 1Þbei6gbg1%oooww | | 7 ES 1 
9 =(1:L7x£1'£) Srg' bg s2anJy day yay 2y1 pur 4 ==1766%GoSEz*E991{%Cgiz1fg!£LIESTEE LS 11S 9g 14810880 
© 1bþ:69þ91 oofzg'tg $1 npoad ys uaya Ly oe Ortgtt taigdrynw qu Jo proyur fuonezado 2y1 ua1doyy pur f124e0u 111} Hu (17 4 
PIPplarp fre 1s sr) $2410 awoy jo 2ynpoad 5y3 funouy ST 11 2c 0 Pinoy ua2q aary pjno? gonpoaud yory ou JI ang :7 2/42, ul 900CCO 1 
yoaeau guss J 4a suny I C1 g9HESHLgEiEGgoS1 1668 8g 9s g6%9g1EESTobbotSEiSgiolgihgs1SEoooooo gynpord ajoyn A 

6£1Þ1*8 22quiny qu 203 4915d1 nw 29 v (0651x677 Jo psoduo? Burg) yon Karoau o1Eglst s210nb 681 15 Ag papiaip 0000c0g66666 
| | "14 1 J0 O 242 Jo aimeaw 211 (Jo } 
3o wynaeSo'T 2y3 4qa12y3 pur ©92y3Sno 2q (1 sf snpra q uνj,4g de og Jo ov 2y1 30 ainrom 2y21 40 S 121oweip 2Joym 9Jily go 

22U212zwnaIan aya) or T6 t sh οẽ,öẽéi ois 146656941 l61Þ%ggzoS&%6!7t gf thor ghgtz t6iog*ts£59r651+1'8 (11) Jo wnnrgor] 2y1-327J 
| '24032q Se pimoj 2q jim wynaegorT $.1 Aqoiaym f542qumyy p 2y1 30 
diou 20 gu 4q oprw 11 zo 2ynpoad amy zo 0 7m N ua 241 3o 2Joya $2 awry ays 4004242 $2.03y 2.40w 40 *uaagy x1 YAY 21 RAY ei 
sr goſqx I. 244 ui si 30 p,Sodwe? ꝓnpoid awop oz 43953 uay3 pry 29 uro ꝓnpoid yory ou 1 an: 42qun\ 2413 213 Jo WHILIFSO'T 
2y3 $T_topurewail 213 ihr 2y1 Jo une go o Suri uy {29npord aq 3o mynegeor] 2y2 2419 IM 5a] on 31 Ppoyrangny 40 
Jong 213 aq uppOd oi 31 poppe (£1 aged ur S9142G 2y2 Aq? punog) 2oquiny 2yy3 pur ꝓpnpoad 2y23 4q ape Hor2geay 2y1 Jo WHhILIPGOT 
2y3 pur Ui 242yz $1 WyNaego'T JJoyn 7 2jqy;, ur $12qun\y 2y3 Jo 2uo arau rwnap u $2 2npyad 2y1 yam Hnpo id ↄqꝛ Jo sind 
ua 40 xy yay 2y3 2jrw 03 12qunfy uad aq gurdjdnmnw 103 109973 2 24 34rd you ↄqꝛ 205 [JIM ,sodwod of 3u2nonb 2y2 01 Jaquny 
yourau 213 Jo ©1 eg ur sům N Aur 30 4109 20 fnoyIAIp to fuoneydiNnu 2y3 44 podwo? gr uononb 23 faqumy ug 2412 yo s 
Y xy Yay yz Aq ooooc0g66666 aptarp ways 12y1 kue 30 uwanonb 10 ꝓnpOAd 2y3 20 sr 40 qu I 424y11 ul 10 s 22qum\y Urs 22 jr 
| | *12quny 2413 ata Jo αννA go 242 Sf su 

Nei 30 22ta32y1R 20 wry 292 t L 2y3 ur punoy $22qumay 210u 20 0843 Aur 30 2u2Nond 30 3291poad qa sf n 112418 24y32 3 
'n nm u au qi ut puny sg wirieJo s 51q2 I. o Jo 42171 ͤ ul ST 2quinNy uad o A 


n Jo $2204d 19 04 q,j,do ., pu 04 u,, Juto doqun N Au, I 
Soſde h Sufpsosd 241 fo / 94G 


— 1 


o 


1 


Soso 9oroo SSS 9 1690 Sr1foghtzigSog6% 159 8299101218889 89 8188766 „4„ͤö 


— 4 
= Ye | * 2 r ä 
5 22 e re N. 7 2 Ws vs wh 
1 A . _— AP 
A aa#* wa 
8. 


Y y = "25 £9£o%00000'0 = 7 u $22npod: 2 8Srof'r = u Aq porſdiijnur 819. 


rdeg ocz hegen 16e Fog S129 18069808 Sg SSL 228889 101 1 Mh e e ee eme JIM 21¼ . 
Sorge {£44 866 197 96801, 169 1 9b r ro1666˙8 2669711218118 86h eee» I penqch yolya ui 
18668791667 9966188921998“ 8 2881969711710 181 Sog 18818 6 ο = (g7'0 jo 301 + (o J0 901 ＋-9˙L yo 801 ==) zo S- 


| q = (gz O0xlt ox9g* i=) gioowl 
$1 1 2142, ur $12quimu Jo psodwod ο²n on (Guiingue (Iq I, $,41muzyy u pumcg) S2anJy xy jo umu yoaeou 2y21 youya . 
6699tg*ÞEL£5*££661*££92%g6t0!* 169 1%ghthtoI666%gz669%111 15 112 6*gcooo'o ,, ee oo 
CoElto617E9%t0L S14grz6gtgb6196þ 11889811819 gobrio! Lhg?zSggfofizoo * * * * (7: 30 'Goj Eo Jo Bo) got zo 9007 ay 0; 


'yJa124u punodwo? *unv 4 


152 42d 9 J0 oi 2y3 28 Arp 2uo 203 punod ↄuo 30 uroury q 20 *, fo Aq, payugoadal z2qun ain puy 02 ↄq dux aq 39: 


4 


u dnoj aoqumu 242 $2413 ©uauodwo? ar Aq pod (u 5419 80 


213 wo 42quny on Sutpuy Joz fL1 29rd wm any] s. , fag A puny) swynaie3or] oma 2y3 30 22u2ayrp 241 03 Surlamjue 42qunm ↄ 


using: $21q2,1, 232y2 ut pry s 1uauodwod yory Jo wegoT 211 og {op Jim $12quuuu n Jo PSoduon Y νο 40 491r213 l2yme Oe 


15qumu Ya4eau 2yz 40u 31 n? len A th JIM 21 (sr,. Sia ul $12qunu go zuouoduioↄ 23 2q uin 30 Je 40 x 31 pur Ssu⁰αιαnν,n o 
Jo oiqe. IL. 42y20 aur Ad a2qunyy 243 3o sang auge a0 une Jay 2y3 puy uaya Squ I. 2y3 ur 20u sf wynego] uaald ayl 3b 
p. xhoad gui awry 2y3 ur pungy s 42quiny. qu L 243 go 421319 ul $1 Wy1LPSOT U9419 ↄqn I 

sound /o go, 19 04 ti,] Ju1puod/a4403-S.,11 pu o 190418 du 19114030] Wu) c 

2 858 


ur I. S uf 20-1 n 30 Moi q q 4ew 11 2ry3( unop and sr (9) 22waJdwo? s %— Suaq wynar3oT IH sr 30 *opUI oi. 70 


g109E2*069 4 1bgg*g9611%6Þ152 5g995%9g 4069.90 εt 119 r S- „ ergSrοοοο 30 90⁴c 
gol Lobotg6b 88 899,79 811 861881 6%C 198718 Toοονs⁸ sgi cor as Peaiqm (09 J0 '80]-+0g1 zo '3oj=) oog 3o +677 
gESobt ighbrpbogt bzcigiog1fg5t% gg6go6rgg zrgoz1 big tt 11692186116 ef 0 0 2g 681ÞTCE (11) 30 80˙ 
696$6g*ÞÞ 6% :*gor7 1 $26$9g*o00g {42649 160% £goSger if igoofhtftgif9g951fÞ 1 oe ee re ret ee ane» PI qm {z 30 8007 

82 ee eee der eng 
88968696 11411466087 C 89D 1186108117 Sr i fopb eeg 66962 Ut ũ 172 10 90˙¼cç 
818961866 8111885869 868er 198 rose 18 08 geg bots LEED Ss “léoo z »„ 818 10 30⁰⁰¹ 


GO ονοtνͥõEẽ¶ͤt̃d sri Soc 88178561 886⁹8ανο os Dan 5 5.0» 00 4975 0 9:5. 015.0 ove J9 90⁰%0 $5394 


6 


— 2 Ʒ—— — — — — — — — — 2 — aw — — a - — ” 2 > «4 


— — 


94 5 2 2 


| p. d, $2NATIfTP 
Ii DU Aq 


'$22x1d og 01 pry 4mro you aq Jew wy2Tar2o77 sr 31gyy, ut $25quinyyg 942 195947529 panpoad .2qungy Au S 


*p,Sodoad 2q uro 1eya *42quny you 03 puroz 2q Aru $1ud1padxa yong *gurpoo9ad 211 urya 42131my 23124000 [pm 
$13 fv =(6:1xthoxtgox1$' i=) eO, s *1 2/19vy, ur Siaqwnu zo pSodwod jo. nq © r 18 


SULIDMJur sanego 22quinu yo.irau aya 
yo1ya 01% == "I giv £* SS 0000" © $I 30923 =4+ pur 2 g609%0667 6%gllzo'so.= o *Soj-þ1z'0 30 'op=) 01 30.900 ay 


'y9491uT punodiuod "ur 
wag uss 429 / $ go ain av 4ep ↄuo 203 punod ↄuo 30 Juniowy n 10 24 o- Aꝗ paxuajadoa aaquinu ↄqn pu 03 painbaa em 11 JJ 


drog's 1s 1099 Le 1658,16 Segler SIS £59605 „„ 90.198418 91000'1 Aꝗ pondnmu yoT14 AA 


681 gb1 robbi6of1ÞÞfco!Ligol!Þbt Lig Ig O66%{frggoolgr ig f£lg6966666i0 tt et 911 % Jo np ye 
\ T697 17 ÞLoSgdtg — * pE68%681 {£*:9Þto ooo / re 
TISobreizpoyg (1 


688808 og FH ee! Er 19th f 10 IC —— — 4 
8gbth1*EzgzotQg gEgSoh1ietgb5(6Erbo(G1bS2(oG26g - 222 /// 8 
WerotonSitrogrtrerg ts gÞC Cotte <ilicgt eser bert ec eee ß = 
IE gro ro epn pig een conog ence 11 ee * ++ + 214d Danzewaye 2yz Jo wng 


* 142d anegau qi 30 wing 
„ DS Ms 1 


( c „„ 6.0 „„ „% „„ „„ „„ „„ 


* 0 SY * 8 0 . oe 0 e 06: ww va a 8-24 0 


99818 8 o SS 0 
588747 g117·8886 141652 „„ 0 >. 7) Re WS 
$£16E18*L9fzg*lfogf lod iG661098 0b S968 „ e e 
88989 7 88160 2888181818 ogg 1169 itt i 6Þ1tg186%G60 
r „ b 9 8 
ZScribzgotg 6165+ +0 000 CES: 70,5 2:00 2 064+»... „ 0 S095 00.0 0.0 » , , : OO ON i 
668888 So 611er“ /• J :2o Cc S<o:£3Is. d de nn 
r 48 1 OE 0-0 0:92.0:6 .0 6.0: . WS 'O 
GgESEE L191 0H Loo zo So Irteoo 6116851 e % „ 0 4 © © 6 pw en O08 
1269980 88691˙ 968684012 79186687 1887182810881 „L»Knüůͤ % ; knn n & 0g: pe ww 
111188 99961989 £gtot1019g%gtrget* EoSbo%goberiotio6(6it oooh te ne en c000c 0,000 0.0 0.00040 0+. 05 00 v io 
goff1og2oro15 lib 19g bs rrrg gb sckrr. 1409 SE 686g ltere CCOCO'D * * * 


dE ens pet Wh on pas 
(tt) 


— 
x0 * 7 
N J 27. ae 
- £ 9 < %4 $' ws n > "Raf, ©; 88 
* 2 a o — * 2 5 4 1 * , A — 2 


r V4 +44 


© 

＋ 
Io 
. 
* 


JJ P IS al 2. oY Ks ZE: 9. i OO 


—. . 2 


3 
. I es > Cece 7 Co 


» — — 


1 4 


C 44 } 
The Method of conſtructing the natural Sines, Tangents, 
and Secants, by Mr. Sharp. 


| Chord or Subtenſe is a right line connecting the 
Figure 1. A 


extremities of an arc, as FO is the Chord of | 


the arcs FEO and FDO. 


A Sine (5) is half the Chord, or a right line drawn from | 


one end of an arc falling perpendicularly on the diameter that 
terminates in the other end, FR is the Sine of the arcs FE, 
and FD. 

The Radius (7) is the ſemidiameter, or fine of 90 deg. and 
is the greateſt of all fines. 

The Co- ine (cs) is that part of the radius, which is inter- 
cepted betwixt the center and the ſine; or it is the Sine of the 


r 


complement or difference of the arc from a quadrant or 9o deg. | 
as CR=FW is the Co-fine of the arc FE, or the Sine of it's | 


complement FB: EF is the double of the Co- ſine of the arc D3 
or the chord of it's ſupplement, viz. of s E; fo Ey, EM, Ea, 
Ex, are the double Co-fines of the arcs Dy D/, D', Ds. 
The Yerſed-ſine (v) of any arc leſs than go dep. is the ex- 
ceſs of the radius above the co- ſine of the arc, as ER=EC—CR 


is the Verſed- ſine of the arc FE. The Verſed-ſine of a greater arc 


than go dg. is the ſum of the radius and the co-fine, as DR 
— DC+CR is the Verſed-ſine of FD. 

Ihe Tangent (t) of an arc is a right line perpendicular to 
the radius at one end of the arc, and terminated by another 
right line call'd Secant (/) drawn from the center, thro' the 
other end of the arc; ſo EH is the Tangent and CH the Se- 
cant of the arc FE. 


The Co-tangent (ct) and the Cosſecant (/) of an arc, are the 


Tangent and Secant of the complement of that arc to go dep. ſo 
BI is the Co-tangent, and CI the Co-lecant of the arc FE. 

The length of any Arc is readily obtain'd from the propor- 
tion of the diameter of the Circle to it's circumference exhi- 
biced by Ludolf Van Ceulen, ſince prolong'd and confirm'd to 
74 places by Mr. Sharp, which 1s as 1 to 3.14159;26535,8- 
9793, 23846, 20433, 83279, 50288,41971, 69399, 37510,582- 
09,74944,59230,78104,052+=1T, This number (the Radius 
being 1) is the length of the ſemiperiphery, or arc of 180 deg. 
whence the length of any arc is eaſily found ; for the length of 
the arc of 1 Min. is (c FES). oo029, 8882, 08665, 72 159, 61339, 
48467, 414% M. And M multiplied by the number of minutes 
(a) contain'd in any other arc, gives the length (A) of that arc. 
: Hence 


? 
4 
; 
N 
| 
[4 


Tangents and Secants, by Mr. Sharp. 45 


Hence by Sir Iſaac Newtor's Series, publiſh'd by Dr. Halley 


in Phil, Tranſ. Ne. 219; The Sine, Co-fine, Tangent, Co- 
tangent, Secant, and Co-ſecant of any arc are readily found. 


I I I I 

Yo — 33 F 3 133 8 3 7 1 I I 
n TI 3 Tas * 39916800 * 
R BY . 4. 8 
16227020800 1397674368000 35568; 428096000 

— 5 1 A 9 + 1 er INS 1 A 1 Se. 

121645 100408832000 | 51090942 1 7 1709440000 

| E n 1 8 6 I 3 1 10 
— cog T5 " 720 " T 8425 3628800 A 


I % MID. TS 14 . 16 — 
5 47 9001600 — — 87178291200 AT 2.09227 59885000 " | 


2 - A8 _ - — Se. 
64023737057 28000 2243290200817 6640000 | 
| 17 62 1392 . 
Tangent =ASdAIL= AS + — AT wo AT A 
2 +3 T5 — 2835 155925 
21844 29569 6404582 I 
m— i; A" 3...-Y es 
* * 638512875 * 10854718875 
| 3 2 1 - 
Co tangent A -A A — —Af — —AT— ——A? 
S q 45 945 4725 93555 
©: T3683 8 TSR... ATI co 3617 Ars Se. 
638512875 18243225 162820783125 
3 LA. J. fag LA. 4 399291 410 
Secant =1 + . A + ig T 8064 „ T 3628500 A 
549553 avs 4. 199369981 f 4 1 3519302429 arg 
+ R T 7178291200 A * 418455797 7600 + 
2494879661671 Ars e 
64023737057 2800 : | 
Co-ſecant =A""*+ 4 A + Lo A þ ==. A* + wh AF 
eam 6 360 15120 | 604590 
i BY 9 1414477 A*? . Als | 
TFT 3421440 a * 653837184000 1 37362124800 + 
118518239 4 
557531142 14456500 c. 


Let the Sines and Co- ſines of the Arcs of 5 min. and of 29 deg. 
55 min. be ſought: The number of minutes contain'd in the former 
Arc is 5, and in the latter 1795 therefore o. 00029, o8 882 Sc. x5 
= 0.00145, 44410, 43328, 60798, 77 — is the length of the 
former, and o. oc o 9, 8 882 Sc. xX 1795 0.52214, 43345554970, 
2653096 ＋ the length of the latter: Put each A. The 


* Of Conſtructing the Natural Sines, 


The Powers of A for © deg. 5 min, The Poxwers of A for 299 55, 
A.....- 0,00145444104332860798077 | A=0.52214,43345,54970,26509,6 © 
. 21153987485 18809 71 A2. 27263,47061,07852.31322's i 


; 

| Aꝶ . 0 + + + + 307672270285175 A. . 1423 5,4667 1, 97274, 64328,ů 
A+, $5 d.0 04.656 © 0. +. 447491186523 . 7432,96829,74515,22262,5 . 

7 -d. +++ 650849548 [A5, , . 2881,08228,5441 0,1 
As 56 Fe ) 11537544 
ELLEN EEE EEE 9 ⁴ 022 th 5: 2026,45512,72846,82134. f 
e 1 772,827 16,04570 | 
FT IN Oo ener 3 6 5 5 $244.901I 7,7 10991,93815 
A. . . 288,47961,58748,3767 þ 


| 

| AT A 0 145444104 32866221823 A'* + « « 150,62799,70636,405 . 
| — 35 . 1 
| 


. —51278712714196 |. + + + 78,64955,52921,59 
ad 2 ? bud bot bord, — „ . 41,06641,97 110, 
Sine o 5. . . . 0. 001454440530 54153507627 A. . 21, 442 59,8404 
* . 1119613, 1269 

1+, A+..1.00000000009015645466105| As. 5584 599,65 11 


f A.. . . 10576993742 5940486 A6 30 5245,396 
— AJ). 131A „. 1.59382, 154 b 


| '_ A'*,; ©... 83280,48 ; 
| Co- ſine o 5' = .99999894230081219524304 3220,489 [ 
which is the Sine of 89* 55 and alſo of go? 855 n 4934535107 ; 
5 becauſe the Sine of a greater arc than 90 — + + + + 22088,793 | 


deg. is the ſame as the Sine of it's ſupplement ay «+ + + . +» 11946,84 
to 180 deg. A 4 47:8 6185,76 


The Powers of A for 29 55 divided by the diviſors of the Coefficients of 
the two Series, 


Series for the Sine. | Series for the Co-ſine. 


A... . - . - 0.522144334554970265096 I.00000000000000C000000 
120) A5( . + . . . . 323423523786751280 24) A. 3097070123938134276 
362880) ACC... 7949724864276 03200 AC. 1370263 33608431 
ese) A 34434763[479001600)A'*(.;.. 857333665 
35568742809 &c.) A l. 45 2092278988 8000) A"... 1439 


Affirm. part . . o. 522467766028 5163 15460 ffir. part 1,00309720715112997 7831 


6) As) . + . + 0.023725777866212440546 ; 2 N 
5040) AI. . 209943 9937046834 9 See eee 
29916800) A'"(..... . .. 19570337183$]722/) > \ « + . -2014.5620767842007 
3991 n As 1 5 3628500) A . . . . 4150903 79915 
1307674368000) 5252 „„ 4405 T 
Negat. part — o. o237 278773258 52903923 — 


Sine 299 55'!== .498739888702663411537 [Neg. part o. 136345499 995785864614 
Co- ſine of 299 55, or the Sine of 602 O5. . 866751708055343213217 
Out of which ſubtract the Sine of © 05 . ,, . 001454440530 541 53506 
There remains the Sine of.. 59 55. . «865297267524801678141 


6 


anno it, teen . r __— 1 — 
c « * 


Gier 9 45 «6 999998942300812195243 
ar ——T , 498739888 702663411537 
There remains the Sine of . . . 30 ©5...: . 591259253598148583706 


Since theſe two Series converge the ſwifteſt next the beginning 
and end of the quadrant 3 no more than the firſt and laſt thirty 
degrees need be calculated for making a Table of Sines, becauſe the 


intermediates may be had from them by ſubtraction only, as above. 
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48 Of Conſtructing the Natural Sines, 


In the preceding Tables are the Powers of the length of the arc of 
1 min. and the Product of each when multiplied by (i. e. divided by the 
diviſor of) the reſpective co- efficient belonging to each term of both 
the Series for the Sine and Co- ſine; and alſo the Logarithms of thoſe 
products, and co-efficients; fo that the powers of the number of mi- 
nutes contain'd in any Arc, being multiplied reſpectively by thoſe 
8 give the ſeveral terms of the Series, for the Sine and Co- 

ine. 

Theſe Tables (having a proper Title to each, and the numbers 
in all belonging to each power being in the ſame line, with the 
ſymbol of the power prefix'd in Table 1) need no other explica- 
tion than that the figures in the firſt and ſecond Tables encloſed 
thus () denote the number of cyphers, or decimal places, that 
muſt precede the firſt figure of the following number. 

The Uſe of the firſt Table was principally to compoſe the ſe- 
cond ; though the Tangent, Co-tangent, Secant, and Co-ſecant of 
any.number of minutes, may be eaſily made thereby from their proper 
Series; but the Sine and Co-ſfine moſt readily from the 2d Table 
as expreſs d above; whereof I ſhall give an Example in making the 
Sine and Co-ſine of 44 deg. 37 min. which being near 45 deg. is as 
laborious as any that can be propos'd. 

Let 44 deg. 37 min. min. Sa; the powers of a muſt be 
rais*d, which (ſince a conſiſts only of four figures) is done more expe- 
ditiouſly than the powers of (A) the length of the arc can be; 
| becauſe A muſt conſiſt of ſo many places as are intended in the 
Sine ſought ; yet here a due account muſt be kept of the number 
of places every power extends to, tho no more figures need be ex- 
reſs'd in any, than are requir'd The Powers of 267 jz=4. 
in the Sine, fewer will ſuffice in a* (4) 7675 
moſt; the reaſon is, that after «* 8 7166329 
multiplication with the reſpective 2. 1 e e 
numbers, viz. thoſe which an- 4 (18 . 
{wer the ſame power in the ſe- 46 (21) 368035936608772629289 
cond Table, the number of cy- 4 (24) 935232202301684328607 
phers preceding the firſt figure 1 2637466605 56160894768 


; a a 505049810308842 715294. 

ee rect may be rightly aro (15) 1890065341967 7194884 

| nd. 4a (38) 505978 523 106075850705 

In the adjoining Table of the 42 — 13545945963 5496505234 
powers of 2677, the number 4, (45) 36260085635122413 


f 14 7068 7 
of places in each is expreſod by 455 8 e 
the figures before it, enclos'd in as (55) 695623509 54526755 


a parentheſis, as the number of 21 (59) 186218279655268 
cyphers to be prefix d to each 2 (62) 498506334637 152 
power, was in the former two of 420 65 3345145782366 


a : 246040259593 
the foregoing Tables. n The 
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over t of (a) 267 multiplied by the reſpective numbers (M. aM, aM“, bM l, bM 
Nr ul Ve Table 8 1, a, b, c, Sc. and 1, 4, b, C, &c. are the 
Co-efficients of the ſeveral terms in order of the Series for the Sine and Co: ſine. 


For the Sine. | 


Mxa=A— 0.778707 7345981367129042 
bM5 X45 —bA5. .238611403$7 595692433 
dM*Xa*%*=dA"?. . . . 2901398369620122 
fM*3X4a"3=fA!'? .. 52171025743 
hM "Xa" ?—=hA'?.,......- 400219 


For the Co- ſine. 
1. oooooοοοοο 
b'M4X4+*=b'A+ . 1532098 586378468 16232 
d' Mex dA“ . 0, 33533220691184292 
f'M'*Xa'*=f'A'*. ., , « 1037903309223 


| Affirm. part o. 78 1094138829503 867559 


aM Xa*=aA3 ,0786995437855323009621 
| CM'Xa'==cA? . . . 344521313664126849 
eM Na =eA , . . 15994241656980 
gM XA A ꝗ w . 179522015 


Neg. part — d. 7873399316340 8346174 
Sine 44 37 0.7023601432666095521385 


in the preceding Example. 


WM! *Xa' YA 16, „„ 8737199 
WUM® <Xa* "22k „ ooo cs 5:5. . 28 
Affirm. part . . 1.01532433929054500469 74 
a'M*Xa*=a'A* o. 30319286796 14810625065 
c MX CA“. . 309680909622 5457 906 
Mi ©Xa* ®*=&A*"®., , « , 22593413515736E 
g MN A „ 3480/5623 
1 MI xa iA. 17314 


Neg. part . .— 0.30350257 14648429333269 


| Co-fine 44® 37 0.7 118 2176782570207 13705 
A conſiderable part of the labour both in raiſing the powers, and multiply ing them 
dy the numbers in the ſecond Table in this method, or by the co- efficients of the two 
Series in the former, may be ſav'd, in working by the Logarithms, for which the third 
| axd fourth Tables may be very ſerviceable, eſpecially when the Powers aſcend high, as 


Note, The Indices of the Logarithms in the third and fourth Tables conſiſting of 
two figures are of the ſame kind with thoſe of the Log. Sines, Tangents, c. 


| The Powers of A for 29% 55” multiplied by (1, a, b, c, d, ©.) the ſeveral terms in order 


For the Tangent. 


Ages 0.52214433455 
aA3 = . ++. +. » 4745155573 
bs "x WW SG 517477638 
do». 5.0 57104766 
Ti > aa 7 6308902 
„„ „„ „% 007090) 


n 
8 r n 
ES F 


TV! $6! 
{ VVV 


1 + mad 


LA „ LEKA- i.. 0 
Tas 207 57-5 « 57541264016 


of the Series for the Tangent, Co-tangent, Secant and Co-ſecant, 


For the Co-tangent, 
Affirm. part 1A . . . . 1,91517925949022 


aA ,... . 174048T1151832 
8 3143437488 t 
c 9 8213930763 
da J 2323940460 
22 + 803059 
FAK 40 
. . Ry 4702 
Ats iA“; 3 133 
Neg. parete + + 1729599069861 


Co-tang. 29 55! . « « + 167378832687916r 


For the Secant. | 
IAA. ., * . 1.136317353054 
+ + + +» +» + » 15485350620 

* ++ » +e + 716883233 
* + + „„ » JO007081471; 

| + * + + + « + » 20970781, 
TED oa +a us 6: SRT030: 


. „ „ 3136 


KAzeIA !- IEmA , „ wy 


| Secant 29” 55' , 1153732944170 


W or the Co-ſecant. 


1A”*..1-91517925949022 
aA .. . ,. 8702405575916 
bA? . + , . 276800741772 
CA , ++ . « 7957245427 
dA': . 444199727 
R979. ꝑ T 61550164 
J 


13 - 
FR; 2 F 4700 


TEES. | 


Co-fecant 290 75 .. . 2.005053 18032759 


* 


— ——— A if 


eee en K Me — — —q—Ʒ — ee A «%« CNN EE CO ONES Nr Re Pr _—— — — * — | 
- * 2 > > , SE * —— — 
parry — 2 2 1 pu 
| 
£ 
7 
* 


50 Of Cunſtructing the Natural Sines, 

Althe the Series for the Tangent and Secant converge ſo flowly, that. 
except near the beginning of the Quadrant (where they are of excellent 
Uſe) it were better to make the Sine and Co. ſine firſt, and rom thence deduce 
them by the proportions given in page 52, yet the two Series for the Co- 
tangent and the Co-ſecant are of much quicker diſpatch, as may be ſeen in 
the ſofegoing Examples. ce | 

Note, The Verſed.ſi ne of any Are is readily had from the Ca: ine; for 
if the Are is leſs than go deg. then vr, and if above 90 deg. v=T 


Fg. 1. The Sine of an Arc FR being given, to find it's Co-fine CR. 


PROP. I. 


CFq —FRq=CRz ; therefore y/C 1—FRq= CR, i. e. Vr Cs. 
3 PROP. II. 

The Sine of an Arc FR being given, to find EV the Sine of balf the Arc. 
CR is found by the firſt, and conſequently ER ; then „F RI FER FE, 


but 3 FE=EV ; therefore 3 V55—v9=5 Arc. 
| PROP. III. 


To find the Sines of the dcable, triple, quadruple, quintuple, &c. of any 
5 Mn, Arc whoſe Sine is given. 


Let the chords Ds, 67, , Je, en be all equal, draw the chords Dy, Dy, 
De, Du, ED, Eg, Ey, Es, E:, and En produced, draw the radius Cs, and 
make y{=Dy, JD, «=D: and Es, yu=Ey, 4a EI, Es, 
nE, then are the Triangles ECs, D3y,, DYC, Dis, Dx, Eg, Ey u, 
Ev, Etg, Eno, all iſoſceles and equiangular. In the triangles Ez, Ey, 
the angles Eg, Euy, are equal, the Angles ED?, Es being ſubtended by the 
ſame diagonal Es do both together make two right angles, ſo alſo do the 
angles ED3, SD; therefore the angles Ey, 6D are equal; but 8, 


Ey,, and D&—8y by conſtruction, . therefore the triangles Eye, D are 


equal, conſequently D/ Ey; in the ſame manner may beprov'd &4=EZ7, yr 
AE, Je Ex; likewiſe JC =D, cd —Dy, „r Do. Therefore (t) Cs: 
Eg: : Dg Dy, L e. radius: double the co- ſine of an Arc : : the chord of 
the arc : the chord of double the arc (and halving the latter two terms) 
2 : the ſine of the are: the ſine of twice the arc ; again (2) CS: ES:: Dy 
7 DC :: 2 Dy F Dr, i. e. 7: 20 Arc: : 52 Arc: Arc Arc; (3) 
Cs: Es:: 1 DS: 1D, i. er: 2rs Arc: : 53 Arc: s2ArcÞ+54 Are, 
(4) C8: Eg: : 3 D:: ,, i. e. T: 20 rc: :$4Arc:s3Arc+sgArc. 
again (5) CS: Es: : 1 Eg: 3 E), i. e. 1: 205 Arc: : the co- ſine of the 
Are: the ſum of the Radius, and the Co- ſine of double the Arc; (6) C: : 
Es: : 1 Ey : 3 Ex, i er: 2c Arc: : C62 Arc: cs Arc{cs3Arc; (7) Cg 

: Ee; 1 EY: 3 Ex, i. e. 7: 205 Arc: : 43 Arc: c Are TesAAre; (8) 
Cg: Es:: 1 EZ:; Eg, i. e. : 2c Are: : 54Arc : 66 3 Arc- -es 5 Arc; (09) 
CS: Eg: : 3 Ex: 3 Es, i. e. 1: 2 cc Arc: : c S Are: cs 4 Arcs 6 Are, 
&c. Ex. gr. Suppoſe D&=þpy, &c, be g min. it's ſine is. 00 145 44405 3084153 
then radius 1: 206 5 min. =r.99999788460102 44 : : 55min. =.0014544- 
495395415 : SIO min. . oo 9088779843619 (2) 1: 2635 edn 
„. 


„ r ed bo go rere een eee 


8 5 1. e 1 a. 8 A de. - Mili cc. O(C- «as „ Fam g 


3 A. ko. rote rn at 
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Sc. 2: 10 min. =.002908 Sc.: 5 min. Cs 15 min. 058 177498- 
152881, out of which ſubtract s 5 min. 00145 Sc. there reſts s 15 
==.0043633092847466 z Sc. again by (5th) 7 : 2cs 5 min. =1.9999- 
978846010244 : : c 5 min.. 999998942 3008122 : 1+cs 10 min. 
=1.9999957092054862. (6) 1: 2c5 5 min, = 1.9999978 Sc. : co 
10 min. 9999957692054862 : c55 min. E c5 15 min. = 1.999989- 
4230215467, out of which ſubtract cs 5 min. =.999998942 Sc. reſts 
cs 15 min. .9999904807207345 (7) r: 2c55 min. =1.9999978 Ge. 
: : c515 min=.9999904807207345: cs 10 min. ＋ cs 20 min. . 999- 
9788460632304, out of which ſubtract cs 10 min. =.999995769205- 


4862, reſts cs 20 min. . 99998 3076877442, Cc. By this laſt me- 


thod after the firſt Co-fine is obtain'd, the whole work may be accom. 
pliſh'd 3 and it has theſe advantages, the two firſt terms are invariable, 
the firſt being the radius = 1, diviſion is wholly excluded; the ſe- 
cond being fix'd, a ſmall Table of it's products to 10 or 100, turns 
multiplication into addition; from the fourth term the (Sine if had, or) 
Co- ſine of ſuch an Arc muſt be ſubtracted, as 1s ſo much leſs than the 
Arc of the third term, as the Arc of which the (Sine or) Co- ſine 
ſought exceeds it; viz. ſo much as is the diftance of the firſt in that 
rank from the beginning of the Table. 


PROP. IV. 


Having the Sines of the firſt or laſt 30 dev. of the quadrant given, 
find thoſe of the middle 30 deg. viz. of all between 30 deg. and 
o deg. py 


Make the Arc DI. go deg. draw the radius CL and perpendicular 
thereto, the chords MG leſs than Go deg. and e a greater than 120 deg. 
draw MP, eh parallel to CB, and SG, ah to CD, then in the Tri- 
angles MQG, ahe the angles QMG, hea are 30 deg. therefore 
drawing the ſemicircles MQ, eh a, *tis manifeſt the lines Q, ha, be- 
ing the chords of 60 deg. are equal to the radius MK or KG, and eg 
or ga. In the triangle MS, Mg, (=4GKg)—QGq = MQg ; 
but becauſe GK Q, 3GKq= MQ g, therefore GK x ZM, 
and YG (i. e. PQ) + GK x VZ MP, that is, if to the ſine of an 
arc leſs than 30 deg: the ſine of it's defect multiplied by / be added, 
the {um will be the fine of an arc as much exceeding 30 deg. The fine 
of 11 deg.=.190808995376545 tnultiplied by ,/ 3 (1.7320508075- 
688773) produces 3304908745333 50, which added to the fine of 19 
deg. . 325368 134457157 makes .656059028990507 the ſine of 41 
deg. In the triangle e li a, e ag (e gg) -a hege hq ; but becauſe e g 
Sah, 3egg=ehgq, and egx / z Seh Sek kh; therefore egy/3 
ek kh rag rn, that is, if the ſine of an arc greater than 60 deg. be 

| h 2 multi- 


1 and CW : CF:: CB: CI, i. e. Sine: Rad. : : Rad.: Co- ſecant. 


Of Cnſtructing the Natural Sines, 


multiplied by /, and out of the product the fine of an arc wanting ſo 


much of 90 deg. be ſubtracted, the remainder is the ſine of an arc ſo 
much exceeding 30 deg. The fine of 83 deg, . 99254616 1641322 


3 
* 


— 
<a. 


multiplied by ,/ 3(1.7320508 Fc.) produces 1.719140363499733. 


from which ſubtracting the ſine of 67 deg. . 9205048345 2440 
there remains . 79863 35 10047293 the ſine 33 deg. | 


N V. 


Having all the Sines under 60 deg. to find all the reſt by addition only, 
or having all above 30 deg. to find the Sines of the firſt 30 deg. or ha- 

wing the Sines of the firſt and laſt 30 deg. to find all the intermediate 
by ſubtraction only. | 


In the triangle MG, MK = (by 4th) therefore Z MMR 
SG, that is, if to the fine of any arc ZM leis than 60 deg. the fine of 
the defect KM be added, the ſum is the fine of an arc ſo much exceed- 
ing 60 deg. The Sine of 41 deg.=65605902 1990507 4 ſine of 19deg. 
2326368 154457157, makes ſine of 79 deg. :=816297183447 004. 


. Alſo in the triangle e ha, eg Sah therefore eg em (i.e hp) = 


a the ſine of the arc Bn, that is, from the ſine of an arc exceeding 
60 deg. ſubtract the ſine of the exceſs, and there will remain the ſine 
of an arc wanting ſo much of 60 deg. The Sine of 67 deg. = 920504= 
853452440 — fine of 7deg. (121569343405148) = fine of 53 deg. 
= 798635510047292. 

By a continual biſection (by the 2d) the fine of an arc a little leſs 
than x min. may be found, and from that by proportion the ſine 1 min. 
But the fine of 1 min. may be obtain'd from the length of it's arc by 
the Series in the other method with incomparably leſs labour and 


greater exactneſs, from which (by the 3d.) the ſines and co-ſines of 


” 


* 
* 


all arcs under 30 deg. being computed, the reſt are had (by the gth) 


by ſubtraction; or having the firſt 30 deg. made (by the 3d) all to 
60 deg. may be got (by 4th) and all the reſt by addition (by 5th 3) or 


the laſt 30 deg. being obtain'd (by 3d) the reſt above 30 deg. are made 


(by 4th) and the firſt 30 deg. by ſubtraction (by 5th.) 


| | r. VI. | 
The Sines being made, the J. angents and Secants are thus obtain'd. 


The triangles CFR, CWF, CEH, CBI are equiangular; then CR 
RE:: CE: EH, i. e. Co- ſine: Sine: : Radius: 35 and RF (= 
CW) : CR (=WF) ::CB : BI, i. e. Sine: Co-fine : : Radius : Co- 
tang, and CR: CF: CE CH, i. e. Co- ſine: Rad. : : Rad.: Secant, 
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o and CW: CF: CB Cl, i. e. Sine : Rad. : : Rad.: Co- ſecant. 


e * 


Of Conftrufing the Natural Sines, - 


multiplied by 7/3, and out of the product the fine of an arc wanting ſo N 

much of 9o deg. be ſubtracted, the remainder is the ſine of an arc ſo 
much exceeding 30 deg. The fine of 83 deg, . 99254613 1641 322 
multiplied by ,/ 3(1.7320508 Fc.) produces 1.7 1914036349973 3% 
from which ſubtracting the fine of 67 deg. . 92050485345 2440 
there remains . 7986355 10047293 the ſine 53 deg. - 


PRO P. V. 


Having all the Sines under 60 deg. to find all the reſt by addition only, 
or having all above 30 deg. to find the Sines of the firſt 30 deg. or ha- 
wing the Sines of the firſt and laſt 30 deg. to find all the intermediate | 
by ſubtraction only. FE 75 ; 


In the triangle MG, MK (by 4th) therefore Z MMK 
SG, that is, if to the fine of any arc ZM lets than 60 deg. the fine of 
the defect KM be added, the ſum is the ſine of an arc ſo much exceed- 
ing 60 deg. The Sine of 41 deg.= 65605992 1990507+4- fine of 19deg. 
=325598154457157, makes ſine of 79 deg. :=8 16297183447 064. 
Alſo in the triangle eha, eg Sah therefore eg — em (i. e h p) = 

a the ſine of the arc Bn, that is, from the ſine of an arc exceeding 
60 deg. ſubtract the ſine of the exceſs, and there will remain the fine 
of an arc wanting ſo much of 60 deg. The Sine of 67 deg. =920504*= 
853452440 — ſine of 7 deg. (12 1869343405 148) = line of 53 deg. 
= 7986355 10047292. ; 

By a continual biſection (by the 2d) the fine of an arc a little leſs 
than 1 min. may be found, and from that by proportion the ſine 1 min. 
But the fine of 1 min. may be obtain'd from the length of it's arc by 
the Series in the other method with incomparably leſs labour and 


AY —_— a cc OC — wY 


greater exactneſs, from which (by the 3d.) the ſines and co-ſines of 


all arcs under 30 deg. being computed, the reſt are had (by the 5th) 
by ſubtraction; or having the firſt 30 deg. made (by the 3d) all to 
60 deg. may be got (by 4th) and all the reſt by addition (by 5th ) or 
the laſt 30 deg. being obtain'd (by 3d) the reſt above 30 deg. are made 


(by 4th) and the firſt zo deg. by ſubtraction (by 5th.) 


+ | | NF. VI. | 
The Sines being made, the J. angents and Secants are thus obtain'd. 


The triangles CFR, CWF, CEH, CBI are equiangular; then CR 
RE:: CE: EH, i. e. Co-ſine : Sine: Radius: 7 and N 
CW) : CR (=WEF) :: CB: BI, 5. e. Sine: Co. ſine:: Radius: Co- 
tang, and CR : CF: : CE: CH, i. e. Co-ſine: Rad. : : Rad.: Secant, 
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N EASY | 
Quadrature of the CIRCLE, 
From 2,43 or / 12, communicated by Dr. HALL EV, 
M equal to the area of a Circle, or which is all one, to find the 
ratio of the diameter to the circumference: This Archimedes 
near two thouſand years ſince ſhew'd to be nearly as 7 to 22; and 
conſequently the area to the circumſcrib'd ſquare as 11 to 14, content- 
ing himſelf in ſmall and integer numbers: though his method was 
capable of extream exactneſs, as has been ſince made appear by the moſt 
elaborate calculus of Ludolf Yan Ceulen. This Gentleman by the con- 
tinual biſection of an arc perform'd by extraction of the ſquare- 
root (analogous to Mr. Briggs s method for making the firſt Logarithm) 
carried his work ſo far as to aſſure us, that the diameter being 1, the 
circumference was 3.141, 9263, 3389, 7932, 3846, 2643, 38 32,7950, 
288 T, the laſt figure being not an unit leſs than the truth. And this 
was look*d upon as ſo valuable a performance, that it was engraven 
on his Tomb-ſtone to perpetuate the memory thereof. However, 
it might be queſtion'd, whether it was really ſo exact, unleſs by him 
that had taken the pains to examine it throughout; and moſt lovers 
of theſe matters have choſen rather to take it upon credit, than give 
themſelves that trouble. Wo 
Now ſince his time, as there have been many abortive Eſſays to- 
wards a perfect quadrature, by thoſe that knew not enough to ſee the 
impoſſibility thereof; ſo very much has been done towards facilitating 
the Calculus by methods far differing from that of Archimedes; and ar- 
ticularly the doctrine of Fluxions, and of infinite Series, both invented 
by the molt illuſtrious Sir Jaac Næroton, and properly called, The Geometry 


of Curve-lines, doth afford us many ſolutions of this problem. Amongft 


them that, which performs it with the leaſt work, is deriv'd from the \ 
tangent of 30 degrees =,/<. : 


AN Y have been the attempts in all Ages to exhibit a ſquare! 


Now the fluxion of the tangent of an arc, is to the fluxion of the arc. 


it ſelf, as the ſquare of the ſecant to the ſquare cf the radius, which 
may be thus demonſtrated, — 
Let 
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e, thei to fold oui facing page 52. 
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54 An eaſy Quadrature of the Circle, from 12. 


Let C be the centerof a circle, CR the radius=r, AR an are, 
RT it's tangent t, and CAT it's 


AUT 


ly near to CAT, and the line TP 


and Aa the correſpondent fluxion of 


radius CP, draw the infinitely little 
arc UP. Now ob ſimilia triangula, 
TP: UP:: CT: CR, and again, 
UP: Aa::CT: CR = CA. Wherefore ex 2quvo TP: Aa:: CT. 
CR* : that is, rr+11, is to rr, as f to a. If therefore vrt be divided 


„ Sc. = TY 
p 2 — — CAS — — ' — — , Co — a the 
by rr it, the quotient will be: roll gp Canes Ty , * 


. . pr - 4 © 
fluxion of the are; and it's fluent will be the arc itſelf, viz. * + 


* 


30 degrees. /, *tis evident that —4/ - is the cube thereof, and 7 * 7 
3 3 | 


the fifth power : 7 4 b the 7th power, Sc. in inſinitum. Whence 


*tis obvious, that the arc of 30 deg. is 4 — / pL — 
: — 5 . y 3 
1 1 5 1 1 . 1 | 2 
33 — Se. Or — Xx I — — . — 9 . fi “ | 
7 9 ou * : 5 I 7 Sc. ſix times 


5 1 1 1 1 '. od ; 
712 or 24/3 * 1 cn res —, Oc. is equal to the ſaid 


ji 45 189 729 
circumference. | | 
Hence comes this Rule : Divide the ſquare foot of 12 continually by 


3. and the ſeveral quotients again by all che odd numbers fucceſfively, 
viz, the firſt quote by 3, the ſecond by 5, the third by 7, Sc. then 


1 | | | 
to the / 12 add the g of the ſecond quote, of the fourth, 7 5 the 


ſixth, Sc. in inſinilum, and from the ſum ſubtradt 7- of the firſt 


quote, of the third, — of the fifth, Sc. in infinitum, and the 
remainder ſhall be circumference ſought, An 


_— 


ſecant ; draw the line CaP infinite-, 
will be the fluxion of the tangent , 


the are 4. With the center C, and 


„Sc. Now the radius being r, and the tangent of 


OO SRH 


(35) 


: An Exam le of this | oceſs diſpoſed accordin | to the manner 5 


AV 12 «5; ; . 3464101615138. . .... A -. . +, 3464101615148 

SB. 2232 . . 384900179460 „ ct® tC, 1 2 4 n 16980033653 
1D... 427666866 ͥꝗ% Bm: E 475184067 

SE .. » & « . 4751854057 8 2118 TTY (7 1 . 365527236 

12 —— 22 527983785 1 11. „ b e 31057870 

Ta=} Ki: +; - -+ + + 35664065... cont. ci , 

N=iM..... +... 6i8318..... atN....-.... ., 2603 

„„ +.» 124259 * » + * © IR 47 
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„„ EEREEE. | EEK; 4. TLEEY 1 

V „ 999033 5 +0 ix WW 

| ZX 110 „ 


EM A EE LL LE TE | 


Sum of the affirmative part ,. . ., «5 . . 


2 3546233172181 | 
B==iA ., . - 1.154700538379 9 3. . . 0.384900179460 | 
DIC 89 7 * 0 128300059820 2 © 2 0» © 3D 5 5 3 13472856 
F=jE . . - - 14255562202... . 7. 1295960200 
H=jG . . + . 15835951356 ,..... 1tHe . + « 103596757 
IJ. 11759945 EE Re ib 9262873 
ML 5 2 19554957 «4 XM „„ . i. 850215 
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33 Wwe et Si, cons — 4 r 


J.... ++ «5+ > x90 no iv, coi is fs” 5 BogT8 

==; . OT 241419 Fe 31 %%%%%%0%/// CET SW 28 7788 

— R 8 . 26824 * 328 EMS SIG ues . 766 | 
V= 2; . 2980 . 39 ' „ 18 i 

—=IW.. .. > + I 1 3 8 j 


L= 'd'4 o * * o . * * 37 . o GS: 2 15 o . o . . * 
Sum of the negative part 


| . — ©.4046405 1$591 
The Diameter being 1, the Circumference is . « 3141592653590 


This Work (being to be perform'd in an hour's time) is ſufficient | 
to exhibit the circumference from the diameter given ſo truly, as not 
to err the breadth of a grain of ſand in a Globe as large as the Earth 
and the compendium of this method tempted the incomparable 
Mr. Sharp to continue this to double the places of Ludol's Jan Ceu- 
len, after he had done the ſame, by a double computation to 74 pla- 
ces trom different Series, vis. from the Sines and Co-1ines of 6, and 
of 12 degrees; which 1s ſufficient to give the number of grains of 
ſand that may be comprehended within the Sphere of the fix*d Stars, 
it the diameter was 12C02x $289 x YOOOXICOCOCXKI OCOOO ; tor then the 
number of grains would conſiſt but of 65 places: So that here you 
have the Limenſio Circuli, and the Arenarius of Archimedes both in 
one. 

Hence it appears that Ludo/f's number 1s ſufficiently true for all 
future ſquarers ot the Circle to ſquare their Work by. 
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ſhall be the odd 


( 62 ) 


The Quadrature of the Circle from Tang. of 224deg:=V2=1=A; 


— Here A*=1—2A, A3=A —2A*=5A—2, and A* = CA 
2A*=5A* +4A—2=6A*—A ; therefore A? = 6A5-—A3, and 


A GAA, Sc; ſothat multiplying any odd power by 6, and 


ſubtracting from that product the odd power next leſs, the remainder 


he power next greater; then divide every odd 
power by it's Index, and ſubtract the ſum of the negative quotients 


trom the ſum of the affirmative, the remainder will be 5 of the Se- 
miperiphery, when the radius ts 1. 9 


The affirm, poapers of the Tang. of 22.5 deg, 


A .41421356235 3095048801 7 


AS. . 121933088197 564152490 


Ab. . . 3589374986230696634 
Ars ; 1c5661334279533064. 
A. . . 3119379273427542 
A** , . . - 91561017003375 


A*S, . , ., « « 2695304687217 
Az? . 79342362008 
14 % 
7J%·ö*ͤ¹0 u 7⅛—.J DOIICISY 
7) 
„„ 44 5 5. SOS 
TFC 1754 


Sum of the affirmative part + 4166, 9293, 7604, 2478, 3371,19 


The negative powers of the 7, ang. of 222 deg. 
| A = .07 106781186547 52440084 
A? , . 20920410530632474854 
An. , , 61583938675170495Cc 
A'S „ , , 18128618925493434 
As. © « $33656715071820 
A 1 
„„ 6244113 4571 
pO Co REA 
A3S 5 SR Bika, 2 „ 
F 
TA 
A+? 0-8 . 52 6% „ 0 


„ 


» 400729223 
- 11796367 


5. + is JOI 


. 15709386948432 | 
136129971793 


347253 43 
102224 


Theſe powers divided by their Indices. 
TJA (.4142,1356,2373,0950,4880,1” 
wo 4 24-3866,1763.0512,8504.08 
99A . . 3988, 1944, 2914, 5218,48 
13A. „ . $1,2779,4944,5794,65 
17% ATC. 1, 8296, 3486, 6722, 08 
21) . 436, 0048, 4287, 32 
. . . 10,7812, 1874,89 
29) A* . 2735,9435,18 
zA . 70, 763,96 
II l; 


CTC 
40A V 
49)A+ z 7% ͤ 48 8 my 


Theſe powers divided by their Indices. 


38 (02368927 0621,8250,$133,51 | 


71)A'( 2,9886, 3007,58c4,6392,65 
I1)A''(... 559,8539,8795,6095,41 
I5)A**( . . « 12,0857,4595,0328,96 
.. . © 2808, 7195, 5300, 96 

68, 3016, 8238,45 

s 5 1,7127, 4589,21 
.. » + +... + 439,1280;51 
%% + © $404,006 
| 3024, 71 

80,75 

| 51)A5*( 1 3 


Sum of the negative part — . 0239, 9 385, 590 535236,7890,41 


Sum of the affirmative part 


＋ -4166.9293,7604,2478,3371,19 


The Length of the arch of 22+ degrees... .3926,9908,1698,7 241,54$0,78- 


Which multiplied by 8 is the Semiperiphery = 5.1415,9265,3589,7932,3846,24. 


Note, Though theſe powers are not ſo cafily rais'd, as thoſe of / 12, yet they 


converge much faſter, ſo that not many abo 


ve half the number are required. 


"EE Let 


„ o 


erer 


OL | 
The Quadratiire of the Circle from the Tangent of 
15 deg. =2—4/ 3=A. | 


Here A3=4A—1, A3 =4A*—A=15A—4, Ai=15A3z —g 
A? =15A*—16A+4=14A*—A, A 214A — A, and A%= 
14A A“, G.; hence it is that multiplying any odd power by 
14, and ſubtracting from the product the odd power next 
leſs, the remainder ſhall be the odd power next greater; then 
divide cach power by it's Index, and ſubtract the ſum of the ne- 
gative quotients from the ſum of the affirmative, the remainder 
will be zz of the ſemiperiphery, when the radius 1s 1. . 
The affirmative powers of the Tangent Thoſe powers divided by their In- 

5 of 1 5 deg. : Eh 2 | dices. | 
A .:57949192431122706472553658| 1)A(.2679,4919,2431,1227,0647,2553,658 
A5. . 138121$1046456527637 14625 | 
„„ 71198701339 29688083644 9 A? © + * 79,1096,6815,47 74,3120,405 
A'3 . « . 36701336706724512399 | 13 A ., ..2923,1797,4667,1116,338 
A'7 . . « 189187174867319875]17)A"'(.,.., 11,1286,5734,5136,463 
A. + - » 975217535543331T 21) AC. . . . 464,3893,0263,968 

S' («+ >  yOSJOSYOBOSISTAS)AFT(, . , + > 2OTOS,LISS,402 
AS q 23913204444 2% All. » $9,3558,774 


A833 C0 133576768 54570 V 4047,78 


A5 e 3 wth: « 688558 r EE 4038 18,610 
„CCC . . 


Sum of the affirmative part 


L — 268 2,2622,9983, 884, 2969,3682, 460 


— 


The negative powers of the Tang. of | Ns 
| 'I5 deg. 2 Thoſe pc bers divided by their I, naices. 
A? ,0192378864668405970893c4877| z)A3(.0064,1262,9822,2801,9902,9434.95 
A? . . g99166998198541603699876|;)A'( .. 1416,6714,0283,6308,6242.825 
Alt. , « $511183676474029471145]11)A**(.. « 4,6411,2433,1582,0861,013 
A'S , . . . 2635057420113702305] 15)A"*( , .. 175,6691,6134,0913,487 
AS: . . + .13583028028775943] 19 A . + 7148,9621,2040,839 


. b i. © 5 304432.95 

MET ISS ; ki 36924377843 0A 70 „„ 7 1336 7400 786 
K + +.» » 19060494372] a1) A?” 3 6,9015,62 5 
VV VC 274,011 
A3? S440 4.4 0/4806 #43 49435 39) A3?( 1 N 9 * 97 5 8 7 N F 1,268 


AP en IS 42300240506 VdV io OG 
Sum of the negative part « — _-2064,2654,2192,9359,0315,5128,844 
Length of the Arc of 15 dg. +261 7,9939,7 799,1494,3653,$553,616 
Which multiply'd by 12, is the 3 periphery 3-1415,9265,3599,7932,3846,2645,2902 


Though no other Method of obtaining the Quadrature of the 
Circle is ſcarcely to be expected, equal in facility to that of 
Dr. Halley's by v12; yet the three preceding, and perhaps 
many others, are to be preferr'd for their degree ot Convergency ; 
and at leaſt they may ſerve to confirm one another as tar as they 
are carried. Mr. 
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| The Proportional Parts not inſerted in the following Table. 
| HUF 


434436 TT Soo 3s 3740175 
$74:391173[216[2601] 39313465390 349135} 7% 105] 140 174 
4311431801129] 172121512591] 3021345] 338 348]35| 7011944139 174 
143943135] 29117212 151258039113 441337] [347135[99[104139.173 
1429]43]36]'29[172]214]25703013 430335] 1345134)29,1931133 172 
1427143351287 1[213]256P299[3 4203384] [344/342 1931138 172 
436143135] 128|170ſz213]2561298[3410333] 343/68 1030137171 
42514213 :127]170]z 12]255129713401332 341 4 58102136170 
4231208527169 z 1102547963383 81 339134 68/102 136,169 
1422[42]34]127]169]z11]2.53]295[338]380| [338134/58,1011135,195 
1421142[34[1261163]> 10]253]295]337]379] [336134]57,191]1 34.163 
4191421841126|168]20g]2 5102933351377] [335[33[571122]1 34/167 
418[42]34]125|157]209]2. 5112931334376 33157;100]1 34/167 
17 8;3125/167]208[250 3341375 * 33156 100133165 
: 141514! 331240166207 249 3324372 331 33066 9911321165 
ies 6000480290033 1373 329306 990132016 
41304 8312416502062 3300372 32733055 9811311163 
411]+i15211231164/205]247]288]3291379] [326133}Þ55] 981130163] 1: 
4101]41[321123[164{205[246 32.81369 32432/5597 I 30,192 
[409[41[82Þ123]164[204]245]285]3271368] 3222054 971129] 61 


155 1108 22630 2030244ʃ 285052603660 [320132154] 961280160 
40 +43 [2211621203244 3251355 319132154 96] (281159 
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MIN. din Diff. Co-lecants _ | N 
of 0,000 3 Infinite [50 _© 
2889954637261 13.536 2739834377468 59 : 
2] 5,81815,7647561 Se 13.2352439117188735|58 2 
3] 8,7275. 940847: 449387J13.5591527J1459187457 A. 
4 11,6367. 65786 569 100012974214 594 368,956 2. 
14,544. 1626960 791811 12.837 30405875496, [55 15 
J 17.453. 2418771 12.758 1229157295 80,954 No 
— ————046 ——_—  F—_— 7 72088245 
720, 362.3088239 5799181259 117619107053 7. 308824 
| 23,27 117.3668157 31152 12.63 3184329718352 0 23,271. 3868 168 
9] 26, 180.4179681 3787 12.58203 193819723, 051 926, 180, 4179696 
ic] 2908 4637288J413 26112-536274513437751,0]5c 10 29,08917.4637273| 
11] 31,998}7.5051181 77788 12.49488 193 125229,749 11] 31,9987. 505 1203 
12] 349%. 5429065 : 7619 124570935 2864794,8148} [121 _34:99717-5429091Þ, 
13] 37,815]7.5776684|27 12.4223316Þ644426,9]47] 13] 37,81617.5776715 
144 40,24%. 60985 30 7 12.390147 fE4 55840, 2 46] 14] 40,25. 098566 9963 
15 43,633}7.6398160 280285 12.3601840P291838,5]45] 15 43,6347. 6398200 8029 
16] 46, 542.6678445 12.33215552148599,5]44] [16] 46,54217.6678492Þ 6325 
17] 49,45 117.6941733 12.3058267]2.022212,2143] 171 492451 7.694178 482 
14} 52,36017.718996 12.2830034]1909868,[42} -e ic 
15] 5568.742477 12.257522511809349,C|+ 1] 9 $5-20917.74248+1þ2276 
20] 53,1777-7647537]2 11 8900122352463 1718883,1]4c 4-4 58,17817.764761C]21 18 
21] 61,086.7859427], 0,05 1112.214057 301637032, 5039 21] 61,08717.7859508c20y 
22] 63, 9950). 80614580 5 12.1938542]156262.2,8}38 22] 63,996[7.8061547]19305 
2.3] 66, 904%. 8254507 8 31 12.1745493 01494683, 7J37 2.3] 66,90517.82.54604] 18484 
24] 69, 813.8439338 + 8 12. 1560662J1432406, 1036 2.4] 69,814 1:$439444[77729; 
2.5] 72,72117.8616623 772 1213833771375 110, 8635 25) 72,723}7.8616738] 17033 
2.6] 75,63017.8786953 12.12 130471 322222,934 26 75,632(7.8787077116391! 
27 78,5397. 89508540 12. 1049146273252, 633 27] 78, 5410/7. 895098 15795 
2.3] £1,448 7.9108793], 12. 89 1207227780, 3032 28] 81,4807. 9108938018246 
29] 84, 357.9261190 12073881001 18544% [ [9] $4,36017.92613 
30 8228579408041 — 12.059 15811459 30,1030 30] $7,269]7.94085 84 T4241 
31 90, 174.9550819 12.044918 11108965, 69 31] 80, 1787.955099 13789 
32 03,083 7.9688698 e 1074311 4E 320 93,087.96 88886 133640 
33 95,992(7-9822.334ſ1 2064611 2-017766611041757,4[27 33] 95,99617-9822.534| 129641 
3 98,900 7.9951980 125887 12.0048020]1011118,5126 34 98,90517-995219 
51101,809'8.c077 867 122340 11. 9922133582230, 33E5 35 101,314/8,007 8092 
36 104,718 $,0200207 8088 11.9799793Þ9 5494711124 30 10427 4$8-22C0445}7 1900 
637 07, 627 8.03 19195 11381 1. 9680805929138, 69 f; 1785525 8.03 1944611582 
38 110,535 $.0435009 188 11.956499 104688, 6 32 38/110, 5428.04 35274112820 
391112444 8.0547814 1099 ac 11-9452 186]881492,44]21 39] 13,451{8.054 8094] 10996; 
9116, 353 8.0657763 107234 11. 9342237859456, 09 20 116,361 8.06 58057107245 
4111 19,261 9.9764997/J 40 47 11.923 5003838494 019 41 119,270 8.0765306 104664 
2 122,170,8.0869646 Xl. 1913035481883 1,8018808 142 122,179 8.869929 102202 
1 125,079 8. 0971 $32] 0083” 1 1. 9028168799496, 84177 143 125,088 8,0972172 99853 
+4112.7,987 8.171669 97 .02011-89283311781327,42 16 44/127, 99808. 1072025 9760 
4511 30,896 8. 1169262 5 18111.88 307388763965, 54015 4 511 30,907 1 126805 95405 
46 133,805 8.12647 10 112 11.87 352900747358, 5614 46 133,817ʃ8.126509 93411 
+71136,713,8.135$104] 07:5 g111-8641896}731458,27]13F [47 136,726 8.1358510 91446 
+811 39,622/8,14.49552 1755 11.8550468J7 16220, 52412} 4'9 139,635;8-1449956 99500 
19142, 3008.15 39075 5 11.846092 5791604, 7411 49142, 458-1539516 8775 
50145, 4398. 1626808 $5996 [1.6373192687573,6c|lof 50145, 4548.162726 86013 
51J148.34808.1712804 $4325 11.82 87196]574092,72] 9 511148,364[8.1733232 $4344 
5211 51,25618.1997 129 92719 11. 8202871561130, 360 8 520151, 273]8.1797626 8273˙ 
$31154,165]8.1879848 $11721 1-3120152[548657,16] 7] $31154,183|$.1880364] $8119! 
541 57973 8. 196 1020 88 1. 803 89 8c 536645, 95] 6 54 157,093]8-1961550I=o5G; 
55þ159,982[8.2040703 782 - 11.79592970525071,53] 5 551160,002]8.204 1259 782% 
56162, 8908. 2118949 76862 1178810516139 1c, 50 4 56162, 9 128.2119520 7688: 
5711 65,799]8.2195811 7552401 1-750418; $0314 1,10} 3 $71165,921 9.219640 7.554 
5861168,707]8.2271335 - * 11.772866539274 3,08] 2 5$1168,731]8-2271953] 7425: 
$:11[71,61G]8.2 345568 72983 11.7654432582697,55 1 59171641 2326208 7300 
174,52418.2418555 . 11.758 144 572986, 88 | 0C1174,551 2419215 Tift | 
Co-fines Diff. IL. Sec. N. Sec. [Ml Cortangents 1 


” | Co-tangents J Co-fines "1 
91..—— 0. 100, oo. 
| a LO, 0000,coc} 5: þ 
103911; 2.2352438| 119-9999999Þ999,99*[3: 
L 60913 13.0591525 9-9999996 9999,99c<15 / 
1 930 132.9342137 9.99 999979999, 993 
927 $12.8373036 19-9999995[9999,985[5; 
gz. 758122⸗ 100001 Ito. o P. 23099978555 
en 11752 10000, 02 1110.0000009] *$9.999999 t1999,97; [53 
2633183297175, 752 10000 27.0. oοοοιt—.o P. 99 ονοεο 515: 
1182712. 5820;04 3 819709, 10000, 034.10. 000015 3.999985 9999, 960ʃ51! 
$1577112.5362727134 37737115 10000,042]10.0000018] 3 -999993219999,95805c 
1393 $12-49487973125213,7]- 10000,031[10.0000022] H9.999997819999,9.905 
2:4570909012864777,3148 10000,06 1110.0000026] 19-9999974[9999,939143 
41024412.422328512644408,c|47 10000,072410.000003 || 219.9999959Ip999,92.8]47 
218511, 2.2901434[2455519,8[46 10000,083}10.0000036] 219.9999964ſ9999,9 17146 
12.360179912291816,6| 4.5 10000,095110.000004 1] 215.999995919999,90514.5 
12.3321508Þ148576,2]44 10000, 108110.000004.7] 19.999995 319999, 892]4.4 
2.30582 1442022187, 5043 10000, 12.2] 10.0000053 19-999994719999-87 8143] 
[2.280997 4190984 1,9]42 10000, 1 37[10.0000060{_/19.999994019999,85 3142 
12:257515911809322,0].1 10000, 1 53} 10.0000060 55.999993 999,847]+! 
12.235239cþ1718854,c[40 10000, 169.10. 0000073 85.959999 27 5999,83 104 
12.2140492 153780 J 2 4110000, 187/10. 0000810 g. 99999 1999,813059 
12.1938463J1562590, 883 22110000,205[10.0000089 879.9999911 999.7985385 
12-1745396[1494650,2]37] |23]10000,22410,0000097} 9.99 hf Ph, 078857 
104840 12.1560555[1432371,2]3 2.4110000,244110.0000106|_249.9999894. 9999,7 56139] 
171294112.1383262[1375074,5[35 2.5]10000,264{10.0000115 - 9999885999, 7 30135 
70339f2.1212923J1322185,134 26110000, 286010. 0000124 159.9999876 999,7 1 4434 
163911 12.104901211273213,4133 2.7]10000,308|10.0000134 109.5999866 9999692433 
15795%112.08910621227739,6]32] [23]10000,332110,0000144]7%19.9999856p999,569]32 
152406 12. 07386 5611185401, 831 29 eee 10 999984599, 64403 
472.412.0914 1145886, ; 30 30 oo, 381 n 9999:019 3G 
1424121[2.0449004|1 108920, 529 3 11 10000,407|I0:00c0177| 19.999982 319999,59352 
[137590 in 1074264,8]28] 3200,43 310.0000 18802. 99998 120999, 378 
1336452.0177466[1041709,4]27 3 3] 19000,46 1110.0000200] *19.9999800[9999,5 z 
129638112.004780$[1911069,c[z6 34]10000,489110.0000212] 19.9999788[9999,5 11126 
12590011 1.992 1909[82179,43]2.5 35|10000,518|10.000022 5 13199999775 0999452125 
122353111.9799555[)54894,7 5124 36 10000,548 — — 99997432J24 
ooo 10200848702 2 37].0000,579,10.0000252| Tg.o999748þ999,42 10/23 
115828 o 33 —— Reg 12 38}.00c0,6 11 10.0000265 g 9. 99997359999, 3 39122 
112820)! 1.945 19060881435, 72021 39]10000,644;10.0000279 155.5999721 9 999,357 9 
109963 119341943 593979102 4010000, 677i. oo 15 9.999970619999,32302 
1072.49 11. 923469408 38435, 07 41110000,7 III. ooo00309 13 9.999969 15999, 289 ly 
z 104664 11-9130030ÞS18470,41 42 10009,746 10.0009324]*5ſp.999967. 599992544100 
& [102202 11.9027 828799434, 30 43 10000, 7 $2, 10. 00003 40 10 0.999960cÞ9999,21% 74 
99853 11.89 27975781263, 42 44|10000,819 10. 00003 56 i 619-9999044 999971810 
976091 1. 883036676 3900,09 45050, 95) 10.005 2%. 2895, 1430U5 
95465 11. 8734901074729 1,65 404i ooco, 895 10.0000389]: p.999 9611 999,105 
93+Ult1.864149c|731389,91 47[10000,935/10.0000406]' 19.9999594Þ9999,05 5Þ1 3 
91446}; 1.855004.4[716150,7c 4810000, 975 1c. oo; 7529. 99 9 9 0 t 
bee 1. 846048470153 3,40 49 10001,016|10.0000441| 19.9999 559Þ9998,9871 1 
$7751111.83727331587 500,87], 5cP10c01,05810.0000459] 9.999954 1Þ998,942Þ10 
86015 11.82 86718]674018,54 51110001,101 doo 9.999 S22 P98, 90 9 
$4344}11.$2.02374 661054473 52110001,144410.C000497 1919-9999 593 9998,856] 8 
$2738 11.8 119636548 580,08 5310081, 189 10. 00005 10 OY 9:9999484Þ 998,312] 7 
31192], 1.8038444 636567, 4 54$10901,2.34 [0.00005 :6\-—13.999946419998,7 60] & 
79793111.7958741152499 1,54 55 10001,28010.90005 5 oþ, 19.99994++Þ998,72<] 5 
73267] 1.78804741513829,05 50,10001,327]10.0200570[" 19.999942<[9398,075Þ 4 
76882 11.7 803592503058, 20 537j10001,37 5] lo. 00059 51 9.9 799403993, 25 
75545 11.7728047][592658, 5 10001,42 3] 10.0000618 wh 9. 999938207%8,57 l 4 
74255 11.765379 2658261174 5,110001,47 3] 10.000004c© $2 19-999930< 9933527] 1 | 
L007] 11.7 5807851572899,62 J 0001,523t 10. 000060299 9033+ 993,47 | | 
uch = Tang IN. F. . | þ Co-Secants L. Sine IN. Hine 
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MN. Sin. L. Sine Diff. IIN. Ta. L. Lan. Diff 
0.174252408.2418553——11.7581447(572986,885⁰ $17455118-241921 5], 
42218 71779 8176 6 * Io » | 
11177:43218-24903 32], 6111. 1*7 5296681563594,62J59 11177,4601]8-2491015S|og,, 
20180, 3418.256094 69481] 1-74390571554505,3 58 | 2]130,37018.2861649|6950, 
31133,2.49 3 683261 1-7369576 $45704.0 57 311 83,2 80}8.2631153|68, 15 
41186,1581]8.2698 1067326 11.7 3011900537778,9656 41186, 1908.269963 67349 
s[189,066]8,2.76613 66298 11.7233864 827555 55 189, 1008. 27669 12066322 
611912974 = 11.7167566520902, 7254 | 6 8.283323. 8852 
7194,88 308.2897734 6 755 11.7 10226605 13129, 02153 711 94,920]8.28985 59643 5 
$1197,79118.2962067 63393 11-70379331505583,96152 1199,83018.2962917|6241 
gſ200 998.302.5460 62.481" 1-6974540]498257,62]51 Roo, 74008. 3026335 
1003, 6088. 3087941 61595 11.69 12059049 1140, 62150 104203, 6508. 3088842 
111208, 5 168.3 149536 60733 11. 6850464484224, 119 11H06, 5608.3 150462 
121209,424[8. 3210269 8 11.67897311477499,74[48 EON $.3211221 
13 12, 332.3270163 — ** 11.672983 7H 7099,67 13 E12, 3808.327143 
14.18, 241½.3 3292430682 86011. 667075764596, 25046 114]Þ15,29118.3330249] 
15 E18, 1498.3 387529 57514 11.661247 1458402, 60145 15]218,201(8.3388563 
16 221,057“8. 3445043 56762 1165549574237 1,95 1621, 1118.344105 
171223,96518.3 5018086 01 1-64981951446497,95143 t E24, oz 108.3 502 895 
18 2282388288244 1.6442 1651440774,5842 181226,93218.355 8953 
151229,78118.3613150 — * 11.63 868 500435 196,121 1929, 8428.36 14297 
2c[232,69c18. 3667769]; 2 041] 1033223114297 57,13140 2012 32, 5318. 3668945]; 
211235,59818.3721710 5327 [1.627829c[424452,45]39 | 211235,66318.3722915|; 
221238,50618.3774988|-2 6321 1022501214 19277,1738 2212 38,5741$-37 70223 
231241,41418.382.762 82002 11.61723806414226, cf; 231241,4$418.382.8886 
2 eee 75 11.61203 780409296, 3e 36 24 44,3 9508.3 8809 18 
5247, 2308. 393 1008 3078 5 11.068992 404482, 0135 251247,30518-3932.336 
260250, 13 888.3981793 50197 I. 8816 2003997 79,6513 4 20/250, 21668 3983152]; 
7512.53,04018.403 1990 49624 1159680100395 18,4933 27 E·53, 127.4033381 
81255, 95408. 408 16 14 49062 11.59183860390695,7 12 28h 56,03 808.408 3037 
912.58,86218.4 130676 48514 11.5869 3240386306, 83131 29 58,94818.4132132 
3061, 769 4221927975 1.58208 100382015, 50 30 2 61,85918.4 180679} 
$11264,6771$.422.7168 inp 11.57728321377818,49]29 311264,770/8.4228690 
2[267,585]8.4274621| 600f! 1-5725379137 37 12,7 3Þ-5 321267,68118,42.76176 
33]-70,49318.432.1561] 6 a g[11-56784391369695,28]27 33[2-70,59218.432315C|, 
34[-73,49118.4367999|, 59451563 20010365763,32 3473, 503 8.4369622 
3576, 30918. 4413944 45465 11.5586056]361914,14]25 3576, 4 148.4415603 
36797216 44212993 11.55405910(388145,17 4 36 794325;8-4461 103 
37]-$2,124[8.4.5044 [1.54955981354453,913 3712-$2,2 3618.4506131], . 566 
$$]285,032 "Ie 54 22 11.545 10663 5083 8, ch 380285, 148 8.45 50699 4a 19 
395 87,94008.459301 3636 11.5406987]347295, 151 39288, 598.4594814 3677 
| 290,8478.4636649 3201 11.53633511343823,16]2C 40 A C5400 43239 
93,76518.4679850 42776 11.5 320150340419, 9419 +11293,882/8.4681725 42.313 
96,66218. 4722626 2770 11-52773741337083,4.5]18 42 296,793 $.4724538 2370 
ge dss. 11.52350161333811,76]17 43299, 705 8.47669331; 108 
302,47 888.4806932 113.5 11.5 19306803 30603, ocli6 44302, 6 16 8.4 808920 the 
305,385]8.4848479]; 115411 1-51515211327455,37[15]  [451305,528/8.4850505]; 11,1 
305, 29308.48596 3206 11:51103681324367,13114 46308, 439.489 1696]. og06 
31120018.4930398] 3 [1.50696c21321336,63]! 3 +71311,35118.4932502|, 0.26 
314,10818.497078 1. 5029216 318362,25112 481 314,263(8.4972928 —— 
31,0158. 5010798 =p 11-4989202(315442,46[!1 145] 317,174[8-5012982], 649 
319,92218.505044712 02.89]. 4949553312575977000 54320086 8. 505267139330 
322,8 3008. 508973 38937 11. 4910264309760, 4 9 5 322,998 8. 5092001038970 
325,73718-512867 3] 7 0111 1-487 132.71306995,98 s 52] 32.5,91018.51 3097812 8622 
323,644|8.51672.64' Mg 11-48327361304280,17] 7 551328,82218.5169610[2 $262 
331,552 8.5205514|22=9<111.47944861301612,01 6 [54]331,734]8.5207902 37958 
334,4.50/%5 50587 11.475657 298990, 2605 - [55]334,046]8.52.4.586C]2 - 529 
337,36 8.528 1017 3726 11.471898 32964 13,7314 50/337, 5588. 5283490 3730) 
340,274 8.5318281 369 K 11.4681715|2903881,24] 3 $7] 340,47118.5320797 6990 
581343,181($-5355228 Ip 11.4644772]291391,69] 2 581 343»383]8-5357787| 6679 
59346,085[5-53918630 6 25 [1.460813 [28894 3,98] 1 155] 346,2951]8.539446C]: 537% 
DO 48,99 8.542819 2 1.4571 8080286537205 2 6c 349, 20 8.843838 eee 
ne Pit | L. Sec. N Sec. bu) | | Cortangents [Dit 
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x Degree 


| * | 200” rt 
iff, — T | MIN. Sec. Tec Ip Din- 
115 11. 2880785 $72.899,6216 - of10001,52.3 10 —— D 
os zal 1.750998 5Js63 505, 90059 1110001, 57410. 00068 99993 169998, 426 
+4. 11.74383511554415,17 58 2[10001,627 . y $999294(9998.374 
5410011.7 368847545613, 00567 10001, 67 910.000) 29 P. 5959271758, 321 
734911 Piet feng 56] | 4110001,733]10. 0000753 , 356.9999247 9998, 267 
322 11.7233088]528821.09155 $}10001,788 10. 0s 23 9. 99992249998, 213 
Troy 11:716 5766 $20806,73}54| | 6[10001,843] 10.0000800 - 2 9999200!{9998,157 
| Wl (643.58 11.7 101441081303 1,75  F110001,900 10.0000825 25 -999917 519998,101 
| (64418 [1-7637083]505485,06 H $]10001,957]10.0000850,? 25 5999150 99980445 
| WW (62507[1 1-697 36680498157, 26051 9[10002,015]10.0000875 > -19-999912 519997,98615 
| WW (162010! 6911158 491038,8 [so fein,; 10.0000900 > 99991009997, 9275 
| (6075917! 6849538/1484120,84{49] 1110002, 133 10.0000926 2 99990749997, 8674 
1 ——|11-6788779/477395,01[48 I2110002,194 10.0000953 - 11o.9999047|9997,807148 
f 59106 11. 1588957 470853,43 47 13 1G002,255/10,0000979 , 27 9, 9999021 9997474514 
74.586975 14644 88,62% [14110002,317110.0001006 289.9998994 9997683 
1 $7542 11. -6611437;458293,51145 15 10008, 380 10.001034 . 9998956 9997, 2c 
| WH [56790]! ! 6553895 hers 14144 1610002, 4 10.0001061 , 809. 9998939997, 586 44 
$6058 11.6497 105 (4463 $5,96/43 17]10002,5 10. 0001089 99989119997, 492 43] 
634 116441047 44861, 13 2 18010002, 575010. 0001118 MEE 9998882 9997, 42642 
; 54640 4648 11.6385703 435081,22 41 19 10002,64 110.0001 147 147 29 9.999885 319997 ,36c|41 
zero! 6331055; 429640,77, 40 20.100, 708 10. 00011967? -19-999882419997,2.92]40 
0 53308 11.6277085 4243 34,64 39 211000276 10. 0001206 ; 9-999879419997,224139 
1 [5266317 6223777, 419157,90 35 2210002, 84 50. 001236 500 99987649997, 156 380 
2 $2032 116171114. 414105, 88 37 23110002,91 5'10.0001266 1 9998734 955551955 | 
| IT 11.6119082 409174,12 36] 24 10002,986/10. 10.0001297 2.998703 9992188 
I etisſt 788788 404358,37,35] [2510003,058]10.0001328 2 [9.999867219996,943[35] 
1 Wl [cc229111-9016848 39965 4,60 34) 26/1000 3, 130/10. 1359 (3219-99864 1[9996,87 1134 
49656 11.5966619 395058,95 33 27110003,203 1000013913 9.999 86099996, 798033 
2909 511-5916963 390567, 132 (28010003, 27710. 0001423 3309 9998577 9996, 2432 
48547 11 5867868. 386177,38 31 2910003, 352010. 0014563 ; 219+ 9998544 9996,649 31 
3 11.819321 381884,59 30 10c03,428, 10. 10.0001488 = 2 9998512 9996,573 30 
474.86 11.577131 9377686, 1329 3110003, 505110. oo 5223 33 Fig. 9998478 9996,4.97 2 
46974 11.723824 373578, 92 28 3210003, 5 82010. 000 1555 3 9. 99984459996, 4 19 8 
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50 568,544 8.825 1299 18813 11.1729888 148932, 26 8 51 72,965 8. 8279924 18817 
(521571,446]8-8270112[18922 11.1711156[1148291,28 $2167 5,887]8-829874 1]; $537 
52167 4,34913-8288844}1 8651 11.16925051147655,80] 71 [531678,809/8-8317478|1 86:6 
$31677,251 8222585 18571111.1673934 147025,76] 6 541681,73218.8336134 18578 
41580, 15 3]5:8326066}75501 11.16554431146401,09] 5] [551684,654/8:83547 1218409 
$5 583,055 8.834457 18412 11.1637031 145781,72 « 56 687,577 8.8373211 18422 
560885, 9578. 8362969 18335 11.16 186960145 167,57J 3 57 690,49918:8391633 18344 
571588, 8598.83 81304/18257 11. 1600439144558, 59 2 5886693, 42208. 8409977 18268 
58 691,76 18.839956 118180 11.1822 590143954, 710 591696, 34508. 8428245018192 
55 594.663 dag 18104111 564155[143355,87] <| [6o[699,268|8.8446437 Dig | 
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11. 2806042 19081 753060 60 1001 3,7230. 0059 56 — 9-999 4044986, 29 5/00 
1278193718975, 2759 1013,87 7/109. 9993978686, 143 59] 
11-27579651188710,68|58 21 10014,030[10. oOo 67 9.99939119985,98958 
11.2734123]187677,5457 3j10014,18510.0006 156197 19.9993844þ9985,83 5 57 
11.271041 1186665, 6256 10014, 34 1010. 0006224068. 999377685, 680,56 
112686826018 5644, 3550 51100 14,497 10. 000629268. 9993 7089985, 52455 
23457111,26633691184644,7154 5|10014,655|10.0006360[9819.9993640[9985,367)5, 
11-2640036[183655,37[53 710014, 81310, 00642 868. 9993 5720985, 209053 
11. 2616828182676, 5452 310014, 972010. 0006497 69 9999350309985, 5052 
11. 2593742181708, 781 10015, 132010. 006567. 999343 30984, 891051 
11.26707781180749,77150 1cj10015,293|10.0006636 69 9.9993 364199847 31050 
11.25479331179801,50]49 11110015,454/10.0c06707]7 9.999 32939984, 57004 
1 178863, 10048 12010015, 120. 00067779. 299322: 985455 4 
N:1:2502600[177934,42]47 13[10015,780[10.0006848]7 119-9993 15219984,2.4.5]4 
111.2480108[17701 5,2.9]46 14110015,944|10.0006919]7 Io. 99930819984, 08 104 
1142457731076 105, 59045 1810016, 109|10.000699 117 219-9993009]9983,917]4 
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11.23912$111734.31,5 8042 19$110016,609|10.000720717219-999279319983,4.18 42 
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11.2325$251170837,24[39 21110017, 11710. 000742807 4. 99925729982, 912 3 
11.230422 30169989, 5738 22010017, 2891.000750 p-. 99924989982, 74203 
, 11.22.827261169150,251[37 2310017, 460 lo. 00757 74 9.9992.42.419982,570137 
-:22111.2261335[168319,15]36] [24110017,633[10.000765117219-9992 349|9982.,398136 
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11.21559211164282,79]31 20110018,509 [0.000803 1077 9.999196919981,52.5 
11.213513911634.98,55|30 20110018,687]10.0008108]7719.9991892/9981,34.$]3 
= [1.21144 56]1162721,74129 31110018,866 10.0008 18517 19. «999181519981, 170[29 
© |-o290/! 1-2293870|161952,25]28 32/10019,045[10.0008263 1 9991737,9980,991[28 
3 11.2073380[161189,99]27 231 10019,22.5| [0.090834 1/7 *19. 9991659 9980,811[27 


I 20194 11.2052986[1604.34,82 26 34110019, 407 10.008420 799. 9991580 9980, 631 
1 11.203268 7159686,67 5 35110019,589|10.0008499]/-19-9991501 9980,45c 
# 11.2012481[15894 5,4 5124 36110019,772|[0.c00857817919.9991422.9980,2672 
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119930 11.1972347]1574 83,3722 38]10020,140]10.0008738 800˙ 99912629979, oc 
i983 911-1952477 156762, 33/21 29110020,326 10.0003818 379991 182 9979,7 16] 
| [197 50[11+19325781156047,84/20 40010020, 5 12] 10.0008899 212-9991101 9979,530 
662 11.1912828|155339,81119 41 [0020,699 10.0002980 82 999910209979, 343 
1. 18931661463 8,1418“ 42100205887 lo. oοο = 9:9990938 9979, 156/18 
9 [1.1873593[153942,76[17 43] 1002 1,076|10.COO9 14.4 5219. 9990856 9978,968 17 
19400 11.185410611532.53,58116 44 Ne Io. 009220 83 9. 99907 74.9978, 577916 
19314 [1.1834706[152570,52]15] 4.5[1002.1,4.57 Io00093080 9.999069119978,5 891 5 
11.18153921151893,49[14 4611002 1,648|10-0009392 83 9. 9990608978, 399014 
F [1.17961621151222,42|13 4711002 1,84 1110-00094. 7 5 $4 9.9990525 9978207113 
— 111.1777016] 50557,2 312 48 10022,03 4 . [ 
11898o[! 1-17 57954[149897,84]11 49]0022,22810.000964.3]149.99903 5719977,82 10 
118898]! +17 389741149244, 17]10 500 22,3 lO 7g. 027; 9977, 62711 
18817 11. 1720076148596, 1609 51110022,619j10.0009812 85 9.99 901889977, 433 
18737 11. 1701259147953, 72 8 52 10022 815 L0.C009897 86 99990103 9977 237 ko. 
18656 11.16825221147 316,79] 7 5311002 3,013[10.0009983 0 619+99900171997 7,04C 
875 11.1663 856146685, 29 6 $4[1002 3,211 o. oo 10069]_—(9-998993 119976,84 3 
18499 11.164528 80146059, 160 5 5510023, 4100.00 10155 97 9.998984 519976,645} 8 
18422 11.1626789[1454 38,33] 4 56110023, 6 10010. o0 10242 87 9. 99897589976, 445l 4 
11834 11.16083671144$22,73] 3 $7110023,811110.0010329] , 9. 99896719976, 245 3 
1826811 1.159002. 30144212, 30 2 58110024,013|10.0010416 88 3-9989584 9976,04. 2 
— 11.15717551143606,96] 1 59110024, 216 10.00 10504 8 9. 99894969975, 8431 
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| ol697,56518.842 5845 111-1564155{143355,87]50 _<1599,26818.84464.37]---—i 
LL pas es 18025 11.15461261142762,0cf; | 1]7c2,19118 8464554 ö | 
e 111.1 1201142702, ; . 
: — Ling 17953 . (42.173,04 50 2$705,11518.8482597|, 
$1106,278.8489707|" 7381 7-1510295/151588 94027 317 05,038.8500566], | 
7 0 00 18757551 17805; 11. 1492488141009, 6356 | 4 710,96118.8518461 [ 
- . 9.852245 17733 11.147475511404.35,04J55 | 5/1 3$85]8.85362.83 
671497418. 8342908 5588 11-1457099139865,14l5s| | ©116,809]8.855403 4. WY | 
71 ess 31788811439 56739299, defer; [ 7[719,733/8:8571713 | 
2 3 ye ret 17517]; 2 13873913 4 $1722,65718.8589321], 
123,6748.8595457"7447111.140454:/138182,p1[21] 25551 8.8606859], 
18 7267880. 86 12835 1730 1387767013763 1,1505. 728,80508.8624320 l 
[111729,481[3.$630139]1 73211 1.1369861[137083;75[45 11]731,430/8.864172; 
12|732,38218.8647376|"2237]11.1352624| 1365407748] 0732235 #8.855905s 
283.8664545 7165 — 360025050) 15737279 8.867631) ö 
eee eee, eee 
| 14173 * I 8698680 17034 11.1301320134937,3 1045 15 743,128 8.9710638 I 
e543, 808.3715646. 1.128433, 134411,18]44,] 1646,05 308.8727699 
! 17 5465857 3.8732.546 55 11.1267454/133889, 1443 17748, 979.8744694 
j 18[740.18718.8749381129335|1 1.12.50619 13337104 18751,90418.8761623|— 
it 1c1752,688[8:8766150|"279911.1233850132857, 19/41 191754829/8.8778487], 
i od 998.8782854 16704 [1.1217146[132347,17]40 2017 571 5518.87952.86], 
FM 20 dt wt 8.8 93 16639 11. 1200507 131841,06 39 21760, 6808.88 12022 
l E 3 1 8 12318469 10570111.11839311131338,82[38 221763,606|8.8828694|, 
i ＋ * 2 8.832581 18517201111 16741911 30840,4<37 231766,53218:8845303 
. * hg $.8349031 = 11.11509651130345,76[36 24 —— 8.886 1850 5 
j 387 11.1134392[1298 54,86] 5 231772,384/8.8878334 
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3 hay $.8898007 16264 11.1101993[128884,10[33 71778,237/8.8911119 
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i 25[781,691[8.89303511101421 (1, 1069649127927 75ß3 2517 84,090/8.894 3660 
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3178/49 8.862455, 15022 ff. 163754526985 6h 311789,944[8.897 5963 
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e ee e ere ee 
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$52 $48,373]8-9285866] 70. 11,0714134[117872,74] 8 $21851,44218.9301552|, 
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56 359,9668.9344811 * 1[11-0635189[[16283,72| 4 500863, 163 $.9300925 
571$62,86413.93 59422 1176. 11-0640578|115893,16 3] » [$7]*66,094]8.937565c 
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11.07134190117853,33] 9 51110035,934{409-001557%to07Þ7/ 244 4,195] 9 
11.0698448 11744779 8 [52110036,182|10-001 5683] 108[9-9984315[9963,948] 8 
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11.065 3840116247, 1 5} [55110036,932 109016914109 99953990 9963,204] 5 
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= 1 Co tangents _ _| JM N. Sec. j L. Sec. |, | © Co-fines f 
S 10.6521975 711536970 | o[10098,276[10.0042.4.72 D 9.9 Ir 2 
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| 10.8467308 70263,662|54| $[10100,765[10.00435 5 179 9.995663 51990c,646[55 
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*. 10. 834226368269, 43740 * 15 9.995487 9894, 838041 
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'þ 3+ 4010115, 50210. 00498741590 126 | 
S457 [1 0-3160932165477,672119 1011 ul 9685,517,20 
Dear 8152475 $350,293 18 1 A ob aps 193 444544 hott 19 
f| $i 10.8144034(65223,396/17] |43/10116,851110.00504; 194 1 
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6410-811042 5664720, 5911 N 94896409883, 172ʃ1 g 
"5-5-0206! 4896,07c|121 f raged 108581427 . ee a 
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| HR ran ee Denote 
02 : 302 15 90859 I 422 5,301 9 51 10120, 489 10. 0052015 196 9.9947985 85 1,392 10 
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251636, 1299.213877 7624 10.7861824|61119,861 35 2511658,478|9.2197097 
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3211656, 214.2191164 ay 10.7 808836603 78, 680 321679, 4079.2251561 
331659, 082.2 19868007 5 1/10. 78013 20060474, 82 33171682, 3989.2259289 
341661, 95 19.2206 182 A 10. 7793818060170, 250 3401685, 390 9.226 7004 
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91762, 2589.246069 5 7 a 4 10.75 39305](56745, 380051 911790, 76.2 52920c « 
1001765, 121.2467746 7078010•7532254 5665 3,33 1050 1001793, 2795.253647 11 

111767, 9849. 2474784 2 (6 10. 7525216 56561, 58449 1111796,281]9. N 
121770, 847.2481811 5 10.718189 ent 1211799,284[9.255c 997 — 
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4 7 10.5258079½248,89 1 1910276, 3 1010. 01183724299 9.9881628[97 31,119]. 
562) 10.62 52437442 193,3 184% |20[10277,018|10.01 1867 1129919.9881329]97 30,449 
5620 10.6246 8 10042 138, 69039 21010277, 2710.011897 10309. 988 10299729, 777 
5613 10.6241 190042084, 196038 22010278, 437 10.011927 1009. 988072909729, 105 
60) 10. 623557742029, 835037 2310279, 148010.011957 103999. 9880429 9 728,432 
Eo 10.6229970|4.197 5.606036 24110279,860[10.0119872 3010. 98801289727, 59 
= 10.6224369[4.1921,510{35 25 10280,573|10.0120173|32119.987982719727,084 
5588 10. 621877541867, 54634 2601028 1,287 10.0120475ʃ(35 929.9879525 9726, 409 
5691 10.62131871[41813,7131323 2710282, 0210. 0120777329. 987922309725,733 
5575 10. 62076064 1760, 011032 28010282, 17/10.012 1079329. 98789219725, 056 
5560 10.620203 1041706, 440031 2910283,434010.0121382339.98786189724,378 
7 10.6 19646304 1652, 998030 30010284, 152100121685 3839.98783159723,699 
— 10.6 190901 599,68 5½ 29 [31]10284,871[10.0121988139319.987 80121972 3,020 
5550 10.6 18534504 1546, 50 1½ 8 32010285, 5010.0 1222920304 9. 9877708 9722339 
$543 10.6179795141493,446|27 33110286,311]10.0122596 30219-9877 404 9721,658]2: 
$537 10.6 17425204 1440, 5 1926 34410287, 03 310.0122901 59.987 7099 9720, 976 
$531 10.6168715]41387,719|25 35110287,755110.012.3206 5 9. 987679409720, 2942 ' 
IO 10.6163184[41335,046,24 36[10288,479]10.0123512 50219.987648819719,61c]24 
5 10.6 15766041282, 499 23 3710289, 203010. 01238170359. 98761839718, 926023 
5512010,6152 142041230, % 92 3810289, 929 10.0124124 be 9-987 5570197 18,2422 
$506/19-6146630[41177,784/21 3910290, 65510. 01244 30]32219.987557019717,554[21 
5500 10.6 14112441125, 61420 40ʃ10291,383 010.0124737 we 9.987 5263197 16,867120 
5493 10.613 562404 1073, 569019 41010292, 111/10. 01250455589. 9 8749559716, 1801 
17 10.613013 104102 1,649 180 42010292, 840010. 01253 521597.9874648 9 715, 491018 
110 10.612464440969,852 7] [43110293,57 1110.0125661130919.98743 39197 14,8017 
5475 1061191630409 18,178016 44010294, 30210. 01259690389. 987403 19714, 11216 
5469 10,.6113688]40866,627]|15 45110295,034\10.0126278]3<919.987372219713,421 15 
5463 10.6 1082190408 15,9914 46}10295,768|10.0126587[3-219.9873413[97 12,725 14 
5456 10.6102756{40763,892,13 4710296, 50210. 01268973 129.987310319712,036Þ13 
5 10.6097 3000407 12,707 12 48[10297,237|10.0127207[31<19.987279319711,34 3Þ12} 
440 10.609 18494066 1,6431 4$110297,973]10.0127518 31110.98724. 82197 10, 64911 
5439/10. 608640 5406 10, 0010 5c 10298, 1101001278293 1119.987217119709,955 10 
3432 [19-6080966[40359,877] 9 5110299, 449 10.0128 140 12 9.987 1860 970.258 9 
$427 10.607 553440509, 174 8 5210300, 188100128451 + 9.987154919708,561] 8 
5420010. 60701071404 58,590} 7 53110300,928110,012.8764|3 319.98712 3619707,863} 7 
r. 10.606468 7 40408, 12 5 6 54[10301,66910.0129076(31=19-9870924/9707,165| 61 
5709 [to. 60592730 40357,779 [ [55]10302,41110.012938913 | 519.987061119706,466] 5 
5702016. 605 3864 4030, 5500 4% [56110303,154|10.0129702[3 1519.9870298 9705,766 4] 
5390,64 8462 402 5% 440 3] [57110303,898]10.0130016]3 1419.98699841g 705,065] 3 
5391119-604.3065 10207446 2 5810304, 64 3010. 01 303 30 dhe 9.986967 ee 2 
5385 10.6037674, 40157,570| 1 59 10305, 3 89 lO, 0130044 314} 23-92869356 9703,061 I 
Ne lo. 0.69322.89 40107,809] © 6c[10306,136110.0130959 315 2986904. 9202.957 of 
if | L. Teng Tang. IN. Tan. M | Co-: ſecants D Ja Sine N. Sine 
76 Degrees 


14 Degrees 


53 2568,5179. 4096 824475 1/1,5903 176 38932,976 
7442571,3289. 4101575. 


5502574139. 106320 3910. 58936803 8847,943 


532657, 68009. 42450. 


10. 589842 503 8890,41 


54 2660,794 9.4250113ʃ2 
552663, 9099. 4255 194 


þa}N. Sine} L. Sine IDig] ___Co-ſecants Y NN. Tan L. Tan. 
10 2419,21 12-3935752]70G 10.6163248 41335,055]60 | 012493,28019-3967711 
| 112422,041 9.39841815|}50g8110-6158185 41287,487 59] 12496, 3709. 397 3089 
| 2/2424, $63[9-3846873[5051[19-6153127]412.39,435[58 2/2499,46019.3978463 
{ 312427,68519.3851924]504.5[10-6148076]41191,498[;7 312502,5519.3983830| 
412430,50719.3856969}503 9110-6143031141143,675]56 412 505,04219.3989191 
$12.43 3,329 9.3862008|5022(10-6137992[41095,967]5 5| 5[2508,73419-3994547 
612436, 15019.3867040]0119:6132960/41048,374|54] 612511,82619. 399989612249 
712438,97113-3872067|5026110-612793 34 1000, 893 53 7 ·5 14.9199. 400 5240 
| 812441,79219.3877087 5014 10.6 12291340953, 526 52 825 18,012 9. 4010578 
| 912.444,61 3 9.3 882101 500+ 10-61 17899 40906,272 51 902521, 1069. 4015910 
101244743 39.3887 109.5000. C112 89 1859, 13050 1002 524, 20009. 402 123) 
1102450,254½.3892 11104 91% 10788908 12, 1009 1112 527,294/9-4026558 
12/2453,074]9-3897 106], -c19:6102894140765.18 11480 |1212530,389/9.403187 3153! 
I 3]2.4.55,894[9-3902096[4987 10.60979041407 18374147 | _1r3]2533,484|9.4037182 
14/2458,71319.3907079|4978[19.609292 114067 1,677 46 1425 36,5 80 9.40424 8605 
1512461,53319-3912057|4971110-608794 3540625 091], [15 2539,676 9.4047784|> 
1612464+352[9-3917028[406510.6082972140578,615| 16542, 773.4053056 
1712467217 119-392 1993|49 59110-607 500432249 [17]-545,$70/9.4058363 
$12469,990[9.3926952. 4953119607 304$40485,992142 118]2548,968[9.4063644]: 
912472,809[9.3931905[4947|10-60680951404 39,844 19582 85 9.40689 19 
20/247 5,6279. 3936852049420. 6063 1440393, deaf 2555, 1659. 4074189 
21 2478, 4453941794493 5|10-6058206140347,872 12538, 2649. 409453 
2202481, 263.3946729 49291. 605327 140302, 048 EA z 561, 363 9.40847 12 
f 23 2484,08 109.395 16580492 310,648 342402 Ä56, 33203 564,463 5.408996; 
„ 2412486,899]9-3956581], 0781 2:5043419140210,722] 2412567,564/9.4095212|2 
| 2 512489,7 16[9.3961499/4911[19-6038501],0165,219 52570, 6649.4 100 
45 : 6/2492,53 319-39664 1004905 10.6033590[401 19,823 | 573,766 0925 * 
11 27,2495,350[9-3971315|4900|10-6028685140074,532 712576,868[9.4110921 
| 5 $/2498,167 9.39762 150489410. 00237859, 347 82579, 9709.4 116146 
|. 29 2500, 9849. 3981 1094887 10.601889 1039984, 267 N 9 2583,73 9.412 136600 
1 392503,80019-3985996]. 332 12:60140041399 2292 928885178 9.4126581 
vl 31/2 5c6,61619-3990878/4876119-6009122[39894,421[29] 3112589,280[9.4131789 5 
1 3202509, 4323995754487 1|19-6004246[39849,654]2. 22392, 38494136993 
4 302512, 2489. 400062 514 864|19-5999375139804,991 332595,48 809.4142191 
1 34/2515,06319-400548914859]1%+5994511139700,431 342598, 5939.4 147383 
| 3802517, 8799. 40103480485 3010.59 896 52039715, 975 52601, 999.4152570 
F 36/2520,694]9-4015201], g, o112:598479913967 1,62 1]24 13512604,80519.4157752 
i 7,2523,508[9-4020048/4841/10-5979952[39627,365 7/2607,91119-4.162928|* 
Ml 38 2526,32 39.4024 8891483 5110-5975111139583,215 $2611,018\9,4 168099 
#4 $39/2529,13719-4029724[4,830112-5970276139539,171 912614,126|9.417326 5? 
$3 4$0,2531,95219-40345541[482 4 19.5965446139495,224 012617,234 9.417842 51 
3 41/5 34,7669. 4039378048 18010. 5960622039451, 379 4102620, 342.4183580 
lt 4212537,579]9-4044 196] f Jede de , bee 474872 979 
+: 3,2540,393[9-404.9009]4 80710. 595099 1039363, 988 2626, 560 0.410287 
4 42543, 2069. 405 3816 4701 10.5946 184.39320,443 4 26297070 A. ** | 
oi : 452546,019 9.405 86 174796010. 5941383 39276, 997 45/632, 809.4204 146 
FR 2 612 543,832 9.4063413 479c| 195936587 39233,651 462635, 919.4209275 
171 522551648 .406 82034784010 5931797 3919%, 4030/1! 2752639, 00209. 42 14398] 
by +8,2554,45519-4072.987 4779 19:-5927013139147,2 54 492642, 1149.42 19515 
| +9(2.557,27019-4077 7661479 31 19-5922234[39104,203[11 491264 .5,226[9.422.4628 
bi 1912.560,08219.4982539[4767] 19,59 1746 103906 1,250 * 502648, 339,9.4229735 
; 53112.562,89419.4087 306[4,762119-5912694[39018,395| 9 5112651,45219.4234838| 
522565, 7059. 409206847 5610. 590793203 8976,37 8 522654, 566.9. 4239935 
9 
LY 


$12576,950]9.4111059{4934110.5888941[38805,570 5612667,02.519.426027 1; 


7 

6 

5 

88 6 ; 
112579,760]9-4115793[4729110-5884207|38763,293| 3 57670, 141.4265342 
5802582, 709.4 120522 4723/10.587 9478038721112 2 582673, 25709. 427040805 
— 2585,38 109.4125245 4717119-5874755138679,025 \ 59 2676, 374.4275469. 
4 f 


U 


2.588, 1909.4 12992. 10. 58700380386 37,033 E679, 49 2l9. 42 80525 
Co-fines Diff. L. Sec. | N. Sec. _Corangents Dit 
75 Degrees yd 


Y "0 
2 


et dd ot Rod eo dt iS. & AS. 2c xXArERSR as .ovcmcnce. .c a _ = 
4 . its * r 
5 » — - . 


14 Degrees 


Ba Co-tangents' | | INI N. Sec.] L. Sec. P 8 
10.605322 8940107, 809 60 © 10306, 136110.01 30959] |9-9$0904 1 9722,957,00 
$376 10.602691 1140058,165159 1110306,884J10.0131274 18 9.9868726 n 
1767 10.602 15 3740008, 636058 2 10307,633 10.0131590 310 9.986840 Netti 
1161 10.60 1617039959, 223057 310308, 38 310.013 1906 316 r 
1726 10.60 1080939909, 92456 4410309, 134 10.152224] 2 % , 19 86 
35 100.6005453 39860, 39 55 510309, 886 1.132533 9.980740 * W. | 
b342|10.6000104[39811,669|54 10310,639110.0132856 1 88880 575 
$344170.5994760139762,712[53 7110311,393[10.0133173]3 | 719-986682.7]9698,011'53 
; 155 10. 5989422039713, 868052 $110312,147j10.0133491 * . 3 2 
3275984090 39665,137]51]. 93 12,539.13 385919 22 as ag 
3321 10.5978763139616,518 30 (c[10313,660J10.0134128 315 449% pi 3 pt 
5313 10.597 3442039568, 11049 1110314418010. 0134447 a * 11 — 5 8340 
27 2110.5968127-39519,615 48 12110315,177j10.0134767 175 89584885 c 5 155 
10. 59628 18039471,331047 13/10315,936 10.0135087,2 5.980491; 9093,74 1 
91 598751439423,157/46 144103 16,697 1001354072 9. 9864593 22 46 
2410.595221 39375,09445 151103 17,459 100135727032 9.9864273 225 530945 
10.594692439327,14144 161103 18, 22210.0 136048 324 A 3 
10.5941637.39279,29743 17 $0315,g83110.0136370 222 4495 30 4 4 
10.5936356,39231,56342 181103 22 8e 4888475 nge 555 1 7 
10.593 108 1.39183,937 41 1910320, 1610.137014 P. 9862 9869894384 
0 42 39136, 42040 Fa 10321,282 101373370323 A 28372 40 
, 10.5920547,39089,011 39 21010322, 5010. 0137660 l ods 
. 10.5915288,39041,710 38 22110322,818j110.0137983 324 3 5686,55 7 
10.5910035138994,5161[37 2311032 3,588/10.0138307 hs — 93 36887832 
10.594788 3894742936 24[10324,359 10.0138631 775 9.886139 5 : - 
10.5899546]3 8900, 448 35 25ʃ10325,13 180138988025 e 3 
10.5894310,38553,574 34 26110325, 903 1001392500, - 1 - 377882 
10. 5889079138806, 80533 2710326, 676 10.01 39606 1 0 mee 
10.5883854ʃ3 8760, 142032 2801032745 110.0139931 2 9.9860069|9052:93 
10.5878634138713,584|31 2910328522710. 0140258 E 9.585974 5681. : 
10.5873419 38667131030 30[10329,003[10.01405843 Ip-9859916 55 25 
10.586821 138620, 8 9 J; 110329,781/10.01409 11052 7.98 59089 980574 
10.5863007138574,537128 32110330,559[10.0141238 326 {bag 3 
10. 585780913 8528, 396.27 33110331,339 110.0141566 328 hyp *. 637 
10.5 852617 3849273586 34]10332,119]10.014 1894. 329 * I 0637 825 
10.5847430j38439,424/2.5 35[10332,901]10.0142223 228 3 17955 
(10.584224838390,591|24| j36110333,683110.0142551 922 57449 0 2 5 
1 710.5837072J38344, 861023 37110334, 467100142881 dhe 99557119 ang 1-5 
$166 10.5831901 382997233 22 381103 33,25 110.0143210 . 5674885 on 
5160 10.582673 5JI3 8253,70 1 39110336,037[10.0143540 331 8857. . 
5155110 5821575138208,281 20 . [4c[10336,823110.0143871 23] 1 615 — 
10.58 1642003 8162,97 4111[0337,611]10.0144202 331 2 5672378018 
1—.5811221 88117733018 42110338,399110.0144533 755 5 7 een 75 
10. 5 806 12613 8002, 609.1) 43110339,188[10.0144865 9-9855135 i 
10.5800987138027,585|16] [44110339,979] 100145197 oe 99854503 ere 1 
10.5795 85437982, 661015 45010340, 770010. 0145529 333 l 9669.718 $4 
$123112-5790725137937,835114 46110341,563[10.014.5862 ++ 45643 8 + 
$117 10.5785602137893,109]13 47110342,3 56[10.0146195 +7 1 5 dA 
10.578048 5 37848,481112 45193432151 10.01465291 2271949953471 - = 
510911 95775372137803,951]11] [4$[10343,946[10.0146862 + : 9:9853 i 38 676 f 1 
5103 10.5770265]37759, 51910 5010344, 430.0147197 43 25 2 8866. 001 
509 719.,5765 16237715, 185 9 5110345, 540ʃ10. 0147532 335 n! ee 
509 1110.576006 53 7670, 947 8 52010346, 33 810.0147867 22s 52133 me 7 ; 
5087119-5754974137626,807] 7 $3110347,1381[10.0148202 + 9.985179 NO N 
10-3749887]37 582,763] 6] [54]10347,93$10.0148538 175 9.9851462 ED : 
50771125744 806[37538,815] 5 55110348,740[10.0148875]2 2 19-985112519903,0121 3 
4 «6, 10.5739729137494,963] 4 J56ſ10349, 4210.014921 4. ; 9.9850789 Ree — 
5060ʃ19.573465 83745 1,207 3 5710350, 346010.0149548 3386˙5 850475 9 pig 2 
06101.57 29592037407, 5466 2' 58 10351,150[10.0145886 - 9.9850114|9060,70: : 
| 10.5724531137363,980| 1 c[10351,955[10.0150224 330 9849776660, 01! 
10.57 19475J]37320, 5080 © 60 10352,762110. 01505622 984943 805659,258ʃ 8 
IN. Tan. M | | Co-ſecants DL. Sine N. Sine 
75 Degrees 4 


j | Ny 13 Degrees 


: N N. N. dine L. Sine Dig Co: ſecants MN. Tan L. Tan. f. 
| _©2588,190 19019-4129962]——[10.5870038/3863 7,033|6 0[.679,49219.428052;|- 
/ —— 9.4134674 * 10.5865 326038595, 13569 = 2682,61019.428557; 
22593, 8 109.4139381 44 10. 58606 1903 8553,332058 \ 2[2685,72819.4250621]; 
32596,6199. 4144082 2 6[10-5855918138511,622157 31-688,84.719.4295661 
4|2599,428[9-41 49779165 10. 5851222038470, 6.56 43·69 1, 9679.4 30069 
9.2602 237.4153468 010.5846532 8428,482055 52695, 087 9.430572 
2605,04 509.4158182. — 10.584184 8138387052154 6698,207]9.43107 53]: 
712607,85319.4.162832 2 10.5837168|38345,713|53 7 2701, 32809. 4315772 
$2610,662 9.4167506|? -{3110.5832494[38304,467]52 985704, 449.4320) 89]? 
902613, 469.4172174 466 10.5827 82663 8263,3 13051 94707, 57 0.43257 0e 
10 2616,27 9.417683 77 8 ö 10. 582316338222, 251050 10 2.7 10,694 3-43 30804 
(112619,085[9.4181495 2 10. 58 1850538181, 280049 110 2713,8179.43 35805 1 
124 2621, 892.4186148 22: 53 10.5813852|38140,399148 12 2716,940 9.43 40800 199 
1312624,699 9.4190795 4647 10.5 8092053 8099, 61004 132720, 649.4345791 F 
14/2627,506 9.4195436]162, 10.5804564/38058,911 46 141272.3,188 9.4350776 
15/2630,3 129.4200073 1527 10. 5799927 38018, 30104] 1512726, 313 94355757). 
162633, 11809. 4204704 225 10. 5795296037977, 782044 16 2729, 43 809.4360733 
17/2635,925]9-4209330[{c2 [10-5790670|37937,352143 17127 32+56419.4.365704 
18/2638,730[9.4213950 76 10.578605037897201 1142 1802735, 909. 4370670 
19 26471,5 360.4218566 * 10. 578143437856, 760.1 19 2738,817.43 75631 , 
2002644, 342.4223176 * 10. 5776824378 16,9640 2042741, 945ʃ9.43 80587 
212647, 147.4227780 010.577 222037776,52209 2112.745,07219-4385538 
221264.9,952|9-42.32.380 5 10.5 767620037736, 535/38 22 2748,201 9.4390485 
2312652,757/9-4236974723.110-5763026137696,636}37]  [23/2751,330]9.4395426 
24/2655, 56119-4241563 22 10.5758437]37656824/36] 242754459 9.440363 2 
25/2658,366 9.4246147 12 10.57 53853 376 17, 100035 2512757,58919.44c5295|! 
26266 1,1709. 4250726 — 10. 574927437577, 462034 262760, I 99. 4410222 
27 2663,97 319-4255299 4568 10.5744701137537,911133 27, 2763,850'9. 4415145 
28/2666,777]9-4259867] 7: 5,119-5740133 37498,447|32 28 2766,981 9.442002 
292669, 58 109.4264430 4558 10.5735570137459,008|31] 292770, 113 9. 4424975 0 


10.5731012[37419,775130 30!2773,245 9.44298583 


Vs 2.68 1 
301267243 8419-42989 


3112675,187[9-42.73541 wo 315.5726459, 7380.568029 ; 3112776978 4434786 
3202677, 9899. 427 8089 222 10.5721911137341,446[28 (321277935 12 4439685 
13312680,792[9-4282631 7578 10. 5717369037302, 409. 332782, 64609. 44445790 

34683, 594.4287169 115 10.571283 3726345726 34785, 80 9.44490 8065 

352686, 39694291701 527 10. 570829937224, 589025 35 276.9189. 445435216 
1362689, 1989.429622 8 592/110.5703772 37185,805[24 36 2792,0509. 4459232 

37 RG O2, co 9. 4300750 1 10. 5699250037 147,105[2 3 37.2795, 186 9. 44641000 

4389, 80 109.4305267 * 14[10.5694733[37108,4.89]2.2 38 2.798,32219.4468978|, 
 [39ſ697,60219-43997 797 ,,119-5690221137069,956/21 39/2801,45919-4473843 þ 
[40j2700,403[9.4.3 14286 1502 10. 568571403703 1, 5o6 ZO 4002804, 5979. 4478704 
412703, 2049.43 18788 97 10.568 1212436993, 13919 4112807, 735.4483 561 
42706, 0049.432328 5.7 10. 56767 1503695485418 4228105730 4488413 


* 4492 6916,652 + 
4312708, 805.4327777 10. 5672223036916,652 17. 43128 14,012 9.449 3260 
44471 1.605 9.4332264 apt 4 10.5667736 36878,532 16 44426177182 9.449 10% 


45 2714,40409·43 367400 10. 5663254036840, 493015 4512820, 292 2 450294003. 
462717, 20409.4341223 518 10. 565877736802, 53614 4612823,43205. 4507774 4121 
4772, 039.4345694 4467 10.5654306[36764,060]13 472826, 5739.45 1260 1926 
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36]3560,840]9. 
37 157715 


3573,95619. 
+113577,23719. 


3570,76 9.5527 504] 
3580,81 5 


3513557,562/945511525 


257856 9.5523514½ 


453590, 367. 
46 3593,65 10. 
713596. 36 
+013600,222 


3606,79519. 
1136 10,82 9. 
9. 


+3]3583,801/9.5543438 


4413587,08319.5547415 


9. 5559327 
9.5563 


93603, 5080.5 567255 


9.558307", 
9.5587025|-— 


9-559097 1], 
9.5598854 


| Cota 


70 Degrecs 


* 


Do tangents 


19 Degrees 
MJ N. Sec. | L. Sec. TH [Une 
0110576,207110.0243299|—[9-9756701[94.55,186}60 
1110577,26710.0243735[3©9.9756265[9454;238[59 
2110578,32$110.0244170 * 9.975583 6945 3 290058 
310579, 39010. 244606. 39.9755 394452, 341057 
4[10580,453110.0245043[t3719.9754957]9451,391156 
Slhio581,517110.0245479[43 9.978452 1450,441055 
0582,58 301.0245917“ 1.97540839449,489ʃ54 
7[10583,645110.02463 54/3 719-9753645[9448,537[53 
$110584,717110.0246792]+3 $19.9753208[9447,584[52 
| 9110585,786|10.0247231[+3919.9752769[9446,630[51 
10010386, 85 510.0247670 4 399.97523 3009445, 67550 
10.4585 32228743, oo) 4 1110587, 92610. 0248 109 +3919.9731891 9444,720149 
=110.45$1253|28716,088 1210588, 99910. 0248549 f 9.975145 1443, 764048 
1045771878689, 215% 13010590, 07210. 02489894409. 975 1011442, 807047 
10.4573 12328662, 38646 1410591, 14610. 02494 30 ff . 975071, 849046 
10.456 06328635, 5025 15110592, 221010. 0249871 441 9.97 5<12919440,890]45 
10.4565006]28608,863],,0] 1610593, 298/10. 02503 12.9.9 74968894 39,93 1144 
52.10. 456095228582, 16843 1710594, 37610. 025075 ff, o. 974924643 8,97 1043 
19.4536900[28555,517|42 18110595,454[10.0251196]+3"[9.9748804[94 38,01c[42 
10.4552852[28528,911 41] I9110596,5341[10.0251639 443 9.9743361194 37,0484 1] 
10. 454880728502, 34940 20010597, 6 15110. 02520821439. 97479 1809436, 8; 40 
10. 45447648475, 8310390 fz 110598, 697/10. 02 82525 +43 9974747 519435122139 
10.4540724128449,3 56038 22110599,781110.02.52969 OTE 99747031 9434,157138 
10.453668$[2 8422,926{37 2. 3]10600,863|10.0253413]* 7:19.974658719433,192137 
: 10,4532654|28396,53 36 24 10601,951110.0253858 +4519.974614219432,227 36 


10.4528623/28370,196|z % ſ2.5[10603,037 ee He 9.97456971943 1, 260035 


Nil —C-rangent 
10.4630281 2.9042,109 
10.4626179]29014,688 
10.4622080].8987,314. 
10.4617983]28959,986 
10.4613 890028932, 704 
10.4609 800 8905, 467 
1 7 10.4605713128878,277 
= 10.460 16292885 1,132 22 
10.4597 547|-3924,033 
WW -119-4593469/-$796,979 
0072119-4589394128 769,970 


10.4524595|23343,896]z3 4 6[10604,125110.0254748#4>19.97452.52[9430,293134] 
10. 45205708317, 639033 71165, 214 10. 0255194 446 997448069429, 32433 
10.45 1654802829 1,426 32 2810606, 3040.02 5564 447 9.97443 599428, 355032 
10. 451252928265, 256031 10607,395|10.0256087P44©[9.9743913[9427,386131 
104508513 282395129036 30 10608,487|10.0256534[#4719.9743466]9426,415130 
10.4504 500082 13, 04529 31j10609,58c|10.02 56982 +45 9.974.30181942 5,4 44129]. 
10.4500489]28187,003|2.8] 432010610, 675 10.0257430148 9.974257c 424, 4718 
10.449648 1028 161, 00427 33010611, 77010. 0257878 145 9.97421229423,49 802 
10. 44924778 135, o4 8026 340106 12,867 10.02 583274499. 974167 300422, 52 502 
10.448847 5028 109, 134025 351106 13,965 10. 02587761499. 9 7412240421, 5 5clz 
7085 I0. 4484476 z 8083, 26324 361106 15,064 10.02 59226 4899.974077 4420, 57524 
10. 4480479 805, 43323 37/106 16, 164105967615 0. 9740324419, 5980230 
10.4476486j28031,646[22 38]10617,265|10.0260127 4519.973987 3194 18,62 122 
10.4472496j2.8005,901|2 1 39110618,367 10. 02605780451 9. 9739422041 7.644121 

10.4468 3080279 80, 198 ½ 00 40.106 19,47 1/10. 26102945 119.973897 194 16,66 520 
10.446452 327954, 53719 41010620, 575/ 10.026 1481 452 9-97 385191941 5,686]1 
>—110.4460541127928,91711% 42110621,681 10.026193 30 2.97 38067 9414, 7051 


10. 445656227903, 33917 43010622, 788,10. 02623850152 9. 9737615413, 724 
10.445258 527877, 80216 4410623, 896010. 0262838 453 e 


— 
” . 2 * 


10. 444861227852, 30% 5] [45]19625,005[10.0263291 +5319.97 36709194 11,760 
1 10.444464 1027826, 853144 4610626, 1151002637455 4.97362 5410,77 
691.4446737 801, 4% 3 47/627, 227010. 2641995. 9735801409, 793 
e ee 22e 801892 823326454 22824/8805 
Wh 3959[10-4432745127750,738|11] j49[10629,453 10.0265 1095.973489 1407822 
13957] 10.442 8786]2772.5,448}1c] [5c[10630,568[10.0265 565 4509.973443 59406, 83 51: 
9510.444829 27700, 199 5101063 1,684 10. 026604559. 9733980405, 848 
63952ʃ10.4420875 27674990 52010632, 801010.0266477 158.5753823 9404, 8õc 
2 27649, 822 5310633, 9 1910.026693 3145219.97 3 30679403, 871 

54010635, 038 10.0267 390.9. 9732610402, 881 
55 10636,158110,0267848 458 9.973215249401,89} 
56110637, 28010. 0268306 158 997316940400, 899 
5710638, 40; 10. 02687645 89.973 12367399, 900 
580106 39, 527/10. 026922 3159.973077 /398,914 
590640, 6 5210. 02696821579. 97 30318] j397,921 1 
60110641, 778 10. 027014244 9. 972985809396, 926 


|  Co-fecantss DL. Sine N Sineſu 
70 Degrees | Gg 


W 3546] 24412975[27624,695 
13943] 0.440902; [27 599,608 
WW [3940]19-440508C[27574,561 
Y 13935 10.439720d 2.7524,588 
\ 10.4393273[27499,661 
Wins (12:4339341 [27474774 
| | 1. Tang. IN; Tan. 


Un 
O 


20 Degrees 


| IN. SmejL.. Sine Diff. Codecants | * 

E 3420, 20 109.5 3405 17 7765 10.465948 32923 8,044 50% | <13639,702 

(7 3422493 519-534 3986}2 , 60119-46560141292 14,697|59 13642, 9979.55 1458809 
213423,66 89.5 347452 3463 10.46 5254829191, 38958 213646,29: [9.561851 519 
313428, 40009. 5350915 3460 10. 464908529168, 12103) 33649, 5889. 562243955 
4343 1,13353 54375/3457 10., 46456259144, 92056 43652, 88 09.5626 360 

_ | 5Þ43386519-5357832|3 , . ,110.4642168[29121,703155 5 3656,182 9.5630278199 

 6134.36,59719-5361286 345; 10.4033714]29098,553154 | £13659,48c[9-5634 154/90 

| 713439-32919-536473714449|104635263]2907 5,443 73662,77 909. 563 S 10500 
813442,06009.5 368184 3445 10.4631816[29052,372 8036660799. 5642018050 
91344479 1[9-5371625913 ,,1110-4628371129029,339 913569,37919-$645925 

119344 ',52119 537507003438 10.4624930[29006,346 1c13672,68c[9.5649831|0 
1113450,25219.5378508]2 , 2 c110.4621492128983,391 111]3675,981]9.5653733] 


1213452,98213.5381943 3432 10. 4618057 289605475 
33455, 12]9.5385375|3 42.9] 10-40 146251289 37,598 
| 41345844 119.5 388804 342.6 10.4611196[28914,76c 
153461, 5392230 3423 10.460777c]2889 1,96}. 
163463, 0 [9.5395653|3 22.001 4604347]28859,198 
7465.52 809.5 39907303416 10.4600927128846,474 
18 34594357 9.54024 8G 547. 10.4597 51112882 3,785) 
219. $40590J 3411 10.4594097]28801,142 

9.54093 140340510. 459068628778, 532. 
9.5412721]; ,05119-458727512.87 55,961 
9.5416126|2,0; 10.4583874]-87 3 3-428 
9-5419527|3295119-45304731287 10,932 
85,7 209. 5422926 110.457 707402 868 8,474 
3488,44719-542632 1/2 202110-457367c[28666,053 
3491,1739.54297 1303390 10.45 708728643, 670 
9.5433 103 3386119-4566897 2862 1,324 
9-5436489|2 28,110-4563511128599,015 
2913499-34919-5439873|33 80) 10456012 7128576,744 


[1213679,284[9.5657633 
I 313682,58719.566153c| 
1403688, 8909.566548 
1536891959. 56693 066 
1603692, 5009. 567 320% 
17 3695,80619.567705 1 \$ 
1912699,112[9. E 
197040 h. SSN 
2003705, 289.5688736 
2103709503609. 5692611650 

2203712, 3409.696480 
230371565609. 570035500 
231897 N82 
250/3722, 2789. 57080886 
2063725, 590.5711951 
12713 72.8,90319-5715811] 
2813732,21719-57 19669 
291373545 3219-572 3 524] 


LY LEROY S443253L 077 10-4556747[28554,510 3c 2772. 377» 2 T 
$113504,798/9-5446630|3 395 10-4553370]285 32,312 3113742,163|9-573 1227 Wt + 


32]3745-4799-57 35074 
331374 8,79719+57 3 8919/8 
3413752,11519-57 42.761 5 J 
3513755,43 30.574660, 
3613758,75 319-57 50439 
3762,07 309.5754272 i 5 
3813765, 394 9-57 58104, Bi 
3913768,71619.5761934/;,.08 
[+[3772:038/9-5765761. 
4113775,36119-5769585):, 
4213778,68519-5773407|— 


(4313 782,010 577720 IT 
4413785,33 519-57 81043|,, 


3213507,52.319-$4 5009$| 3 291119-4549995 28510,152 
33[3510,246[9-5453376|z269|194546624128488,028| 
3$413512,97919-5456745|3 265(10-4543255]2 $465,941 
$513515,693]9-54601 10/3 362/19-4539850[284.43,89 1 
$613518,41619. 5463472 3360 10.45 36528 Z2842 1,877 
32521,1399˙5466 8 32 33 510.4533 468026 399,899 
33/3523,$62/9-5470189]; 2 ;2110-4529811128377,958 
$913526,58419-547 354213351] 24520458/283 56,054 
75 3529,306]9-547689312 2 ,-/10-4523107/283 34,185 
4113532,02719-5480240z2 4 c/19-4519760]28312,353 
4213534274 819-5483585 3342 104516415“ Z8290, 556 


4383537469 9·5486927 ; 3 39/10.45 13073028268, 796 
35, 1909. 49066033 25110-45097 341232 47,071: 


V3 wo 


I 
= 


Az 


4513542,91019-5493608|2 2 2 2110-4506398128225,382 4513 788,66 109.5784858 81 
1413545,630/9-5496935 33301450306 5. 8203, 729 1463 791,98£[9-57 $8665 1 581 
47]3548,3 50.5 500265. 327 N 4783795,3 1509.57 27 % Y 
4 25S 22002-55035] 124 10.4496408[28160,529]12 48 3798;644[9.5796286 0 
493553, 789.9. 55069 16 3321 10. 44930848 138,982 3801973 5.580009 
503556, 508.5510233 1 gf 10-4489763[28117,471 9.5803 592], WP 7s 


$11355922619.5513556[2 2 1 5110-4486444ſ28095,995 
$213 561,94419-5516871]z 21 2110-4483 1291280744554 
[53]3564,66219.5520184], 3 1 419-4479816|28053,148 
$5413567,38019-552.3494 3205 10.4476506[28031,777] 6 
5503570, 979.5526801 3304 
563 572,8 149.5530105j 3301 
71357 5453119-5533406[2208 
5$3578,24819-5536704[;295 

5935 80, 9649. 55 39999 3293 | 
3583,67919-$54 32592 Dif 10.4456708[27904,281 

: 

] 


9.5 807691 


SES SSS 
— — m 


4, 

"> » 
0 "* 
; / 2 
10 » 
J C: 
' 


20 Degrees 


fn Co-tangents "LY 
F 10.4359341]27474,7 /4{6 
2710.438512 27449,927ʃ59 
10.4381485½7425, 120 58 
921 10.437756 127400, 352 57 
518110.43 736407375, 623056 
516110.436972227350,934ʃ5 5 
10.436 5806 2.7 326,284 54 


911 10.4361 893 27301674 53 


N. Sec. L. Sec. Toner pn 
10641,77$$10.0270142]-— TIT mans 6c 


10642, 905 10,02.70602 19-50 9-972939819395,931159 
10644, 3300. 2710626 1,972 893 819 394,93 5)58 
10645, 163/10. 027 1523], 6119-972847719393,938[57 
10646, 2940.02 7 19 8404620˙ 728010392, 94056 
10647, 428/10. 0272440 Ca 99727554 9391,942155 
10648,55S10.0272908 * 22 270924990, 94354 
10649,693]10.0273371[,6219-9726629]9389,942/53 
5050104357982 27277, 102052 10650, 82 5010. 027 3834], 63/9+972616619388,942\52 
00611943 5497 3]27252,509] 51 10651,964110.0274297 164 9. 97257039387, 94005 
horte. 455010 27228, 76.50 1010653, 10210. 027476 1164ʃ9˙ 972523909386, 938050 
8 oo[10-4 3462.67 27203,620 49 1110654, 240010. 0275225 465 9. 97247759385, 93449 
| 10.4342367]27179,204|,8 12110655,38c|10.027569c (G12 724310 9384,930[48 
W 10.4338470 27154,826].7 13j1055U,521]I0.C276155 65 $:972384519383,92 5147] 
205 10. 4334576 7130, 48746 1410657, 66310. 276 972338009382, 92046 
0 10.43 306847 106, 18605 1510658, 807 lo. 277 C5 97229149381,913 43 
65 10.432679512708 1,92 314.4 1610659, 95 110.0277552 467 9.972244.819380,906144 
. 19-4322909127057,699]4 2 1710661, 9710. 0278019 167 9-972198119379,898[4 3 
F 10.4319928z7033, 513042 1810662, 2430.027848 75 9-972151419378,989142] 
87911944315 144127009,304[41 I9110603,391]10.0278955 510.972 10% 9377, 80041 
$76(10-4311265 26935,254140 2c[10664,540[10.027 9421}, 6, 19.972057919376,86914c0] 
$73 10.4307 389}26961,181]39 1[10665,650[10.027989e}7 6349.9720110}9375,858|39 
70 
69 


E 


3710.430351 z6937, 14738 22010666, 8420 10.028035 5. 97196429374, 2403 
8681 10. 4299645[ 269 13149 37 23j10667,994[10.0280Y28 997191721937 3,83 3137 
6; 10.4295 177129889,190[36 2410669, 148 10.0281297 — 9.97 18703/9372,820 36 | 
$63119-4291912[26865,267135 25110670,302[10.028 1767 71 9571823309371, Sceſ35 
860 19.42 88042684 1,3833 4} 2610671, 45 810.0282238 171 9.971776219370,/79C}34 | 
y» 10.4284.185]26$17,535 33 711672, 615100282709 47¹ 997172919363, 774 ];; 
see E 793,783  [28[10673,77410.0283180}, -2[9-97 16820|9368,758|32 
e677 zi 29.106749 310.0283652 4720˙97 163489367, 740%; 

4104272023 3 £ 30 30 10676, og 10.028412 —.5715870 9366,722 30 
$4 7110-426877 326722, 5 09 31[10677,255110.0284 5961, 7219-97 154049365, 703% 9 
345 10. 4264926 26698,8 53028 3210678, 418010. 02 85c69 4741997 14931 9364,683j28 
g 42110-426 1081126675,227]27| 3310679, 8210.02 85543 473 9.971447 9363, 66242) 
$40 10.4257239126651,63%26| 34/1c680,747[10.0286016 475 9.97 1398419362,641126 


$391194253399]26628,085|25] [25[10681,914[10.0286491},,,19-97135c9/9361,618 25 
T 10.424956212.6604,569]24] 36018683 081 10828090505 823035305595 Ml 
$32 10. 42457282658 1,89% 233 3710684, 250I0. 02874 4e 476 9. 97125609359, 57 112.3 
33010. 4241 89626557, 645 222 [38|10685,420 10.0287916[,7G 9.97 12038419358 547122 
$27119-4238066]26534,238]21] + [3o[10689,551[10.0288392 47619+9711608/9357,52 1/1 
a 7 26510,867]20] 44010687, 76310. 0288868 477 9-971113219356,495120! 
$22]19-42304 $26487,53 I9 41[10683,936]10.0289345 477.9710655 9355.468019 


81 10.4226593126464,232|18  [42|10690,11c[10.0289822 


ir 184222774 26440,969 17  [43[10691,286' 10. 290299 478/9-970970119353,412 17 
$815119-42.189571264.17,74 1116] 44(10692,463|10.0290777], » 19-970922319352,382116 
51111242 15142126394,549|15]  [45[10693,641|10-£2912.56}, +019-970874419351,352115 
> 810/194211331[26371,392[14 46 10694,820|10.0291735 479970826593 50, 321 14 
= 5071420752 1026348, 271013 47 1009, oo 10.2922 14480 997077869349, 28913 
80. 10.420371412632.5,186 12 4.810697, 182/10.0292.694, 480. 22205 9348227012 
* p802/10-4199910 26302,136 0698, 364 10.0293 17404 80 9.9706 8269347, 223011 
> 3 41 


—19.9710178193 54,4418 


77 —_ 


AH e oO EE br ta eo ad ta 9 1 
* mts ad erm EE RS " JI ge © tr r 


— 
— 
S 


W777 154162003[26073,558 
5 7 10. 4158226 26050, 891 


-1L. Tang IN. Tan. | 
, 69 Degrees __ Gg2 


50110710,254110.0297998 48519-9702002193 316846 


6011074 1,450{10.0298483]—19.9701517]9335,804 
—| Co-vecants Di Sine N. Sine 


10 
9 51110700,733}10-0294135}, ga19-970586519345,154]| 9 
W794/10-4188512126233,196] 80 [52110701,919[10.0294617], g119.970538319344,115] 8 
$792119-4184.718126210,286] 7] [53]10703,106[10.0295098], g.19-9704902 9343,082| 7 
10-4180926126187,411] 6 54(10704,295|19.0295581 == (9:9704419]9 342,045 6 
26164,571] 5] [55[10705,484|10.0296063[2.19.9703937[934 1,007] 5 
12614 1,766] 4 561107c6,675110.0296546], g.19.9703454193 39,968] 4 
$j=6118,995] 3 $57110707,867|10.029703c|. g,19.970297C193 38,928] 3 
$780j19-4165783]26096,255| 2 $8[10709,060[10.02973 14], g.19-970248619337,888] 2 

I 

O 

Ml 


. 


KEIOo - 


i 


| 


21 Degrees 


[M N. dine L. Sine Diff Tor ſecants MN. Tan. L. Tan. (yd Vy 
3583-67519-554329Y7289119:445670927904,28116 2Þ838,64cÞ9-584177 75 
13586, 3959.554658 0328710. 445 3419/27883, 153059 18479785. 9.584554 1 
203589, 110.5549869 3284.10. 445013227862, 59058 —3845⸗317˙584932Ä 
31359 1,32519-555315213281110-444634827340,9991570 | 313548,65009-58530911;,;/ WW"! 
| 413594+54<[9-5556433]3278110-4443567127819,973]56] | 413851,996[9-5856859|; Tr 1A 
83557 254.5559711 3276|10-4440289127798,982]5 5 $13855,337]9-5860624}, 41376 
63599, 9689.5 562987 3272 10-4437013]27778,024]54 6 3858,679]9. 5864386 5 
_ 713602,68219.5566259|3270[10-4433741]27757,100[53 N13862,021 96000147 37775 
993605, 3959. 5569529 326710. 44304717736, 21152 83865, 3649. 5871904 370 * g 
3608, 1089. 557279603264 010.4427204½z7715,3 55081 93868. 70809 5875666, 9377 7 62 
10036 10, 8219.55 76060326 110.442 39407694, 5 32450 193872, 053.5879413 7550 
1103613, 5349.557932 103258010. 44209673, 744049 111387 5,398[9-5883 163 314/85 
1213616,246[9.5582579 32.56 10.4417421 27652,988}48 1213878,74419. «53869 12 0 — 
133618,958 0,5585835 3253010. 4414165 7632, 26747 1303882, 09 19.589065) 370 4 195 
1 a | 14]3621,669[9.5589088[32 50,10. 441091227611, 57 N46 14885, 39˙ 8 . TH 
I! 1513624,380[9-5592338[3247|10-4407662127590,92 3/45 1513888, 787[p-5898142 37: 735 
. 16 3627,09 1 9. 5595585 3244 10. 4404415 27570, 30! 44 16 3892, 136 5901881 3730 3736 
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95907531 989187897504 81220 285932047 Ce 214244,748]9-6278519]—_ 
* 3909, 98995921755 2973 10. 4078245 25575, 52! 59 14248, 1829.628203 10 
2 3912,666 9.592472 8 29700. 4005272 25558, 2258 2425 1,616 96285545 3 
| 3}3915,343/9-59276981968110.4072302/25540,548]57 314255,05119.6289048 3 
43918, 019 9,5930666. 96 510.4069334 25523, 101066 44258,4879.6 29255305505 
513920, 6959.593363 10296 2963 10. 4066 369 25505, 80085 5426 1, 9249.629605 03504 
613923,37119-5936594|2g61119:4963406/25488,284154 _614265,36119.6299558]359 
3926,04719-5939555|2958119-4060445/25470,915]5 3] 74268, 8009.630305 805500 
3928,722[9-5942513[2956[10-4057487[25453,571]52 $14272,239]9.63065561349 
913931,397/9-5945469[2953110-4054531125436,253J51 9{4275,680]9.63 1005213490 
10[3934,07119-5948422[2951110-4051578125418,961]5c 104279, 1219.63 135455495 
3936,74519-5951373]2949110-4043627/25401,694|49 114282, 5639.63 170378492 
9392479 .8422 — 10.4045678/25384,453148 242865005 9.6320527 195 
13]3942,092]9-59572.68[2944|10-4042732/25367,238[47 1314289,44919.6324015 
14]394.4,766/9-59602 1242942010. 40397 880253 50,04 8046 144292, 894.6327501 
1513947,439/9+-5963154[2939|10-4036846|25332,883145 1514296,33919.6330985 
116 3950, 1119 5966093 2.937119-4033907/25315,744[44 614299,785 9.6334468 : 
173952,7839.5 96903093510. 403097025298, 630043 17/4303, 3232/9, 6337948 
P 395 5,4559597 1965 2932 10.402 80350 25281,54142 184306, 809. 6341426 2. 
1913958, 127959748979 30010. 4025 1035264, 47 801 | 1914310,12919.6344903 
20[>9060,798|9-5977827].927110.402217 3]2.524.7,440|4.© 2014313,57919-6348378 
3963,468|9-59807 542925 10.40 192465230, 426039 214317, 309.635 1850 
22 3966, 139 9.5983679 2923 10.4016321 25213,438 38 22 4320,481 9.6355321 
2313968,$09[9-5986602| 292 1110-4013 398025196, 475037 2314323,933/9.6358790 
— 63971479 9.5989523] 07% 29181.2:42104771251799537 36] 2414327,386 9.6362257j27—/ 
25139074,14$19-599244 112.916} 10-4007 55912.5162,62435 2514330,840,9.6365722 
2612976,818 9.599535712913 10. 4004643028 145,735034 54334.295 9.6369185 
27 3979, 486 9.599 8270 2911 10. 400173025 128,871 33 27 4337,751 9.6372646 
2803982, 1559.001181 2909.10. 399881925 112,032032 28/4341,20819.6376106 
25 2984,$2.2 9.6004090ſ2.907|10-3995910125095,218131 2914344,66519.6379562 
303987, 4919.600997 2504 10.3993003 2.507 $,429130 39/4348,124/9.6383019|272 
13990, 158/9.6009901[2g02[10-399009912 506 1,66 3[29 3114351,58319.6386473 
213992,82 519.6012. 803|.go0oſ10-3987197|25044,92 308 32 4355,04 309.63 89925 
333995, 4929.601570 3x 89710. 3984297 250, 207 334358, 049.6393375 
998, 1589.01 86002. $9 5{10-3981400j25011,515]26 344361, 9669.639682 3 
35] 000,82 5 9.602 149 50K 893010. 397850524994, 84 8 f5 3504365, 4299. 6400269 
361;003,490(9-60243 88 890-3228012 2497 So 36/4 368,893[9.64037 14/2) 
3744006, 155651569. 602.727 812.288} 10-3972.722/2.4961,586[23 374372, 3579.640756 5 
[38],008,82 1/9.6030166[2.886]19.3969834{24944,991]22 $14375,823/9.6410597 
351401 1,486/9-6033052[2884|19-3966948/24928,42.1]21 39/4379,28919.6414036 


$514434,$7119.6468810 
$514438,35219.6472217 
5714441333 419-647 5624| 
5804445,3 1809.647028 
594448, 3020.648243 10 
5 4522879.648583 1 


Co-tangents 


— 


** 


„„ 

N. Sec. | L. Sec. D] Co: ſines 
1086 3,604 10.03 59739 964026 10205, 49 
10864,946 (0:0360z76 475 9-96 39724 9203,912 59 
10866,289110.036081 31-2 ,19-993918719202,77415 

10307:634 10.0361 350238 = n * 
10868, 97910. 0361888 9.963 81129200, 49605 

10870, 326010. 0362426 8 895.9637574 199,35655 
10871,675[10.0362964 ; 9.9637036 9198,215 54 
1080 3,02 /10.0363 504.9636496 197073053 
10877375 10. 0364043 9.863555) 1225 52 
10875,727110.0364583|24219-9635417191943788[5 1 
10877, 8010.036512 369.9634877 193,644.50 


5 Co.-tangents 
— 1. 37214813558, 524 a 

10.3717969[23539,483[59 
60]2.3520,469[58 

10.37 109521]23501,481157 
| 1 10.3707447]23482,519]56 
13524110.370394 3] 3463, 58255 
1321110.3700442[23444672154 


$394110.3696942123425,787|53 

10. 3693444 3406, 92 8062 
10. 3689948023388, 095/51 
549310. 368645503 369, 287050 
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V — oO © r 8 WO 


T= 10.36829631]23350,505[45 10878, 43510. 0365664 155 9.634336 192,499,49 
15 10.367942 33317748048 10879, 79 110.0366205. 9633 795 9191,353/48 
4 | £2 222 


10.3675985123313,017147 1310881, 14$[10.0366747 17 9963325309190, 20747 
[3:84 10.3672499]23294,311]46 14110882,506[10.0367285 ** 9.96327 1109189, 6046 
Hy 10.3669015[23275,630[45 1510883, 86610.0367832 * 9.9632 1689 187,912 45 
10.366553 2 K3256,975044 16010885, 226010.0368375 on 9.963 1625/9 186,763044 
10.8662052123238,345]43] 1710886, 8910.368918 15 9.963 108209 185,61443 
10.365884 3219.740042 18010887, 952.10. 036946204409. 96 305 3809 184,464 


wa 10.3655097]23201,160[41 19010889, T7 10.037049. 9629994 183, 313 
| 34 ? 10. 36516220 3 182, 60640 2o|l0890,682[10.0370551 9.962944919182,161 
3#7*110.364815023164,076]39] 2110892, 050 10.037 1096 5465.562890) 181,009 
769 10.3644679½3 145,571 38 22110893,418[10.037 1642 ** 9.962835 89 179,855 
1 io. 3641210 ½·3 127,9 237] f2310894,788010.0372188ʃ5“ 


(3478 


+962781219178,701 
34%7110.3637743 23108,637]36] [24{10896,159110.0372734 546 7 5177846 
3465 10.36342782.3090,206]3 5 25 1089753 1100373281477 9.96267 199 176,391 
1165 10. 36308 15E3071, 801 34] 26110898, 90410. 0373828 ** 9. 9626172175234 
255 10. 36273543053, 42033 [27 10900,279]10.0374.376 me 9962562417405 
1159/10. 362 389 4% 303 5,064 32 28 10901,655 10037492465. 9.962506 172919 
1185 10.3620437]23016,732131 291 10903,032110.037547 3 57 9.9624527]917 1,760 


TT 10.361698 1 2998,42] 300 zd 10904,411 18325538555 9.962 397$9170,601 

" PAST pen TH [= 155 | __ 
1043613527 22980,143 2 311 fogog,79 1110.0376572 9.962 342319169,440 
3452 10.3610075 22961,885| 4 10.0377122]220 9.9622.87819168,2.79 


28) J32ʃ10907, 172 
3448 10. 3806625 22943651 27 33 10908, 554 10.0377672 551 9. 96223299167, 118027 

10.3603 17 72925, 4 34110909,938110.0378223 551 9.962 1777 9165,955j26 
3445 10.359 7 ITE ονν,P” J35110911,323110.0378774\; 19-902 122019164,79 1/25 
22-2110.3 596286122 889,096[2.4 36]10912,709[10.0379326|——19-962067419163,627;24 
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57 10.3592 844122870,95912.3 37110514,097[19.0379878 17 9.9620l 212,462 Oh. 
1439] ©353940322852,846/22) 138110915,485]10.038043 1];;219-961956919161,297 (22 l. 
[343711 9:3585964]22834,758]21] [39110916,876]10.0380g84[; :219-961901019160, 130/21 Fel 
3435/1 9382527122816,693120] [4of10918,267]10.038153 7|55419:961846319158,96 3/2 11 
3434 10.357992 22798,65 319 4110919, 659110. 03 82091 55419-961790919157,795 19 ms 
3 10.3575658 2.2.7 80,636 18 2 1092 1,063 10.03 82645 35 9.961735519156,626 15 if i 
5415 1035722272762, 64317 43110922, 448010. 0383200 55 9.96 168009 155,456 17 ! \ 
3428 10.3568797]22744,67 4116 441092 3,845]10.0383755|; 619-96 1624.519154,286 16 1 
342 10.3565 36922726, 729015 45/0925, 243010. 03843110556 9.961568919153,115]15] | 
3424 10.3561943]22708,807|14 46010926, 4210.03 848670557 9.961513319151,943}14} . 

3422 10.355859 22690, 90913 47110928, 0421003 85424 556 9.96 1457609 150,770 13 

* 10.3555097[22673,035j12 48 10929,444|10.0385980 ©7226 140209149,597 124 

8 10.355167 22655,184[1} 49]:0930,846110.0386538 558 9.96 1346209 148,422J11 

3417 10.35482571]22637,357]© 5010932, 251010. 03 87096|; c g[9+96 1290419147,247 124 

3415 10.3 5448400226 19,554 9 511093 3,656.10. 038765405 59996 123469146, 72 9 

3413 10. 3541425 22601,773 8 52 10935, 63 10.0388213 $59 9.9611787 9144,895] $ | 
3412119-3538012122584,016] 7] 153110936,471[10.0388772ſ560 9-961122819143,718] 7 

ow 10.35 3460022566, 28316] [54j10937,880[10.0389332: - 9.96 1066809 142540 6; 

1 10 3531190 22.548,572 & 55110939,291110.0339892 560 9.9610108[9141,361 5 

9407 10.3527783 8 — 561090, 702010. 03904520561 9.9609 5489140, 181 4 

3404 10.352437622513,22 3 57110942, 116 10.039 1013056168987 9139,001] 3' 

3403 10. 3520972 2495,80 2 58010943, 5 30010. 0391574562 9.960842609137,819/ 2 

3400 10·35 17569247 7,962] 59[10944,946110.0392.136]c 6219-9607 864}130,637] 1. 

——110.3514169]22460,36t] of [60110946,363/10-0392698|—19-9607 302. 1551455] © 

[Diff L. Tang] N. Tan.Jm Co- ſecants D | L. Sine IN. Sine I 


66 Degrees Hh 


24 Degrees 


— - Tg ey" en | MIN. Lan. L. Tan. 
N. Sine L. Sine Diffl Co-lecants | _ my | 
4067,36619-6093133]—[10.3906867[24585,93 3Þ6< E — 17 a 
ese 59 114455,773[9-6489230 
114070,024{9-6095965 2834113904031 ep on 58 1498 9.6492628 
214072,68119-6098303]; 2088828784357 3447476496023 
$:075,337|-6101635]283c[10-3898365 M 446 369.6499417 
41407 7,993]-6104465[282.8/19-3595535 3 os|55 514469,726|9-6502.809 
1030,049 Il — 925682 2448968 54 94423210 —588192ʃ5 
61408 3,305[9-01 223. r. | 6,708[9.6509587 
' 7]+085,960p-61129411.821110-38870591:447 4,054 3 1 hee 9.6512974 
$|;088,615/9-6115762|.g18]10-3884238/24458,163 53,69 39.65 16359 
8 611888 10.388 14acl24442, 293051 94483 
9 1091, 2699. 1185 942817 878603124426, 448l;5c 10144 87,187 9.65 19742 
101093 9236121397814 2 n 49 114490, 68209.6523 123 
11 096,577 anten 2812 I 125 45823 48 12\4494,178|9-6526503 
eee 870167 f43 79, 4547 134497,6759.6529881 
Po 548.613263 16 804% o:4867359[24363 289/460 1411734653325 
14 1104, 536 9.61 32641 2805 18288775 34 7,555 45 15 4504, 672 9.6536631 
15[4107,189/9-6135446|2804 N 142175 alas 1604 508, 17 19.65 40004 
164109, 841.6138250 801 828 22 A 174511,6729.6543375 
17]+1 12,492/9-614 10512799 4815 * 00,4 89042 18/4515,173/9-6546744 
18 4+115,144 9.6143850 -—[10.35501501243 2+ W  ——— —— 
err 355124294, 824/41 1914518,676|9.6550112 
19]4117,795/9-56146647 2794 N 2 269,222 40 2004522, 1799.653477 
Hs PA SL EI 21/4525,683/9.655684.1 
21]1123,096|9-6152234|2.79c way 74 me 304438 22|4529,188/9.6560204 
220 128.735 6137372 795/0384288 4222,69 %%  [2314532:694/9-6563564 
23]+128,395/9-6157812/2787 10. Ol 75 954136 2.4/4536,201|19.6566923 
+ 1131254415892 78; 85 812 5 5 2135 25 4539,70 9.6570 80 
2504133,6939˙6163382 2782 5 816 1 34 26/4543,218|9.6573636 
(26]+136,342|9-6166164/2.780|30-3 R n 33 274546,728 9.65 76989 
27111 38,9 90.616 8944777 . 1 487539032 28/4550,238 9.650341 
2814141,63819-6171721|2.775 1 58 71 87 31 294553.7 509.6583692 
2911472856174 774 2888 Sera 30 3004557, 2639.65 87041 
5 et 1815 7 7% [31/4560,776/9.6590387 
31[4149,57919-618004 112.768 n 6528 324564, 29009.6593733 
32[+152,226]p.6182809],, 7671193817 191 2068 132127 33/4567,80619.6597076 
eee ei [agler71 22310-66004 18 
Fes P6151 18h. 760.380 885 24037.52025] [3514374839|9.6603558 
3514160, 163. C19 110376 ite. 380889 124037, * 614578,35719.6607097 
3604162, 809.6193864 71.386130 24022247124 2214272235 719-0007097 
37[+1 65,45 306 1960221275 10.3800622[23991,764|22 38 4585,39719-6613769 
397168, 0976199378754 7868023976, 51 394588, 918.6617103 
3914170,74119-6202132[27 52110-3797 757 — . 0.620434 
40[4173,385]9-6204884[27 5019-379 125 3 620119 41/4595,962/9.6623765 
4104176028 9,6207634 224918.375 5 8 * = os5118 42 4599,486 9.627093 
2 4178,671 24103827745 10.37 901 3931.0 17 23 4603 O11 9.66 30420 
43]+181,313/9-6213127/2744110-378687 3/239 65592] 44406837 .6633745 
8 ers 1274013781; 3885 7461s % 451888 3616637035 
[+5[+186,597 4 nity 2735 10378649 3876, Cle +64613,59119-6640391 
461]4189,239 Des: | 6 17,1199.6643711 
D227 
er 2735 10.377044 3/2382 5,627[11 494624, 179.6650346 
49]+197,161]96229557[2730[2:37704 ks 59/4627,7 1019.65 3662 
| 6 872010. 37677133810, 6501 027, 
$So[4 199, 801.6232287 79 649842379 5,694 9 514631, 2439.665697 5 
bite de 37742 5a fle. 7622576378 8l( % 6461558 9.666c288 
3214205,0801|9 | 8,310 
gane lee 5955265765845) 77 [634636106663 cp 
4210,358[9-6243190 72] 10.375 8 E 3 = 5 554645 382 9.66702 14 
$4.13, 09000-00460) lap H0N 37240 DEF TIOTS 4 64648,919]9.6673519 
12 oetr34e2514010.374865423706390] 3] —[574632-457|9.6676823 
218,272. | ö 6680126 
8 e 9.625 40602712 1057472782265 88 : 9 — — 4 8 68342 5 
4223,546|9.6256772[2711110-374322 2 Ange 04663,077 9.6686725 
26,18319.6259483 Dif hos 14 20048 bake ad dt Who Go 
| Co-tines {| if L. Sec. N. Sec. |M . 
N _ 65 Degrees dy 
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24 Degrees 


2 | ſmes 
——8 . 1 E: Sec. P —— — 
- Meal Co-tanpents 6 i M Ne | ee ——[9.960730219135,455 20} 
pie] 2460 26816 | © 10946,363110.039 24563 96067399 134, 27159 
FE 10947,781010.039326 1] 2219 6061761913 3,087]58] 
13399 10.35 107 02442, 796059 2 10949, 201 100393824 564 aus 12]9131,902[57 
$39 110.3507372[22425,247|58 3[10950,622/10.0394388 564 59605048 9130,716150} 
3395110.3503977[22407,721|57 4110952,044[10-0394952/364 n, 55 
3394 10.350058 3f2390, 18056 5 1095 3,467 10.0395516 565 n 128,342154} 
3392 10.3497 191]22372,738|55 6]110954,892[10.0396081]22 8 71 154053 
2225110.349380122355,280|54] | 6 10956,318|10.0396646|905 . 
387047571723 37,1555 9105740 1003572125660). 242212475 
3387 10. 3487026 22320, 433 52 . 10.0397775 567 . 9123,584 50 , 
3385 10.3483641122303,043[51 4 10 60,604 10.0398345 67 * 108889122, 39349] 
[33:710.3480258þ2285,676|50| th 10962030 10.398912 8809 52009 121 201ʃ4 1 
118510347687). [22268,331]49 12/10963,488|10-0399485|59%p.9 NN En 47 1 
($380 10.347 3497 [22251009148] . 12 10964,902110.0400048 125 2 1 18.815 46 1 
3376134701 27705 1410966,337|10.0400616 3095.5 5988189117,620(45 vil 
3376 10.3466743]22216,432|46] * 1096,77 10.0401 18506. 7 9116425044 41 
372110.3463369|22199,177|45 16]10969,21210.0401754j2 [99 ens 9115,229]43 1 
3373 10. 34599962218 1,944 * 117 /10970,65 1010. 0402 324 370 8987718 9114,03 3142 7 
445 10.3456625 $164.75 12] [18]10972,091110.0402894 = ——— 53507 12,83 5001 1 
eee ee ee bh 
TE TD LET Rn ET N 
3365 10. 3446523 22113,234/40 — * 10.040469 72 9.959 $2119109,238 38 9 
636213443159 62096,112 9 22110977,866[10.0405175 5736.5554240105,038 7 | 
10. 34364362061, 6 2410980, 76110. 4063252 222 635075 1 
3357 10.342972 22027,843135 OY =. 10.4040 574 9 — 1 52084445 + 8 
4— nnn 10985,114|10.0408046 44. 3 9102, 02432 ks 
3353 10. 34230111993, 840033 — 10986, 568010. 0408620 73 4448 oo 9100, 819 zi] 1 
33 21119-3419659]21976,871[32] |: 10988,02 3010. 409 195 76 tay 90992613030 bY 
_ 10. 3416308 2 - : — 10989, 479.10. 409771 5 — — 6530509 8,766½29 'ÞY 
[——>|10-3412959]21942,99713© _ 10.0410347 f | 19902 1 
13346 103409613 21926,093]29] 31 17 n 576 . KAR 4a 27 1 
3346 10. 3406267 21909, 210% 8 1 ho 1 10.04 I I ZOO 445 mags 9094, 781 26 Wy. 
$342(10-3402924]21892,349]27] [33 10995,3 17 10.0412077 78 59887345 9 93,572]25 0 
3342 10. 3399582021875, 5 10026 34 10996,779 100412688675 9 9092, 61024 15 
334"10.3396242/21858,691125 4 10398,243 . 969118023 15 
3337110.3389566|21825,119/23 8 3 10. 0414391 4-4 2 98,7250 21 W 
$339110.3386231 21808,364/22 3 11002,644/10.04 1497 _ —.— 87,5111 PB 
13334 10.3382897]21791,631[21 2 ioo, 115/10. 04 15550 587 5387869 9086, 29719 Mt 
$33"110.3379566]2.1774,920 £1111005,584[10.0416131 816.588328885,84ʃ18 1 
333 110.3376235/21758,229 [#2]1 1007,056/10.04167 1215 e ns T7 Wh. 
[323 103372907|21741,559/1 120 8805 581 9582707 * "Mi 
[32711-3360580 21724,911 15 — 100417875 362 N 9081,432]15 0 
3325 10.3 36625511708, 283 +4 1101 1,480 10.04184.57 2 ent 9080, 21414 i 
3324 10.3362931 21691,677 ** 11012, 95710. 0419039 ” qt 9078,995 13 BY 
. 103359609 2 hes 11014,436 1 584 2257575 9077775 — "210 
10.3350289ZT1 s 8 [1015,916]10.04202006] 8 210 076,554 11 þ 1 0 
FL 10335297012 164 1,953 _ 11017,397|10-0420790 580 ale * 111 l N 
3316 10.3 34965412162 5,460 4 11018,879}10.0421374 2 99 804109074, 111] 9 p . 
$319113343025[21592,476 9| fl 11021,849[10.0422544]2 09 3586 907 1,6657 118 
$310|1%-3339712:1576015| # [52 11023,335|10.0423130]580]p $9876284]9070.44c| 6 by 
3 110.3336402[21559,575| 7] [53 11024,82 10.042.3716]2219-9576284 9069, 215) 5 10 
125 10.3333093[21543-156|_6\ [54 neg * t Fl 
3307 10.3329786121526,757 5 " yy 10.042 489 0583 9.5575 22 9066,62 3} bi 1 | 
3305 10.332648 21510, 378 4 8 [11029,295 10.0425478 288 985745 34 906 5,835 21 1 | 
3304 10. 332317721494, 21 3 4: 106 5. 10.0426066 * 9.95739 69064307] 1 | Wh: | 
; 103319874 214771023 a bo 11032,283(10.0426654 789 22 $063,078] of 1010 
2244425 of | Cie | D [L. Sine N Sal 
— . . Wt E 0 
L. Tang, IN. Tan. | 3 ot Rog 
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25 Degrees 


**— IRE 8 
N Sine L. Sine Diff Co-ſccants 
14226,183]9.6259483]|—— 


4228,81919.6262191], a06[10-3737809]23647,265159 
4231,45519-6264897|, 904110-3735103[23632,535158 
4234-09c[9.6267601|, ,02110.3732399]23617,826]57 
4236,72.5]9-6270303|, 700 
4239,36c[9.627 3003 2698 
4241,99419.6275701|—— 


4244,62819.6278397 2693 10. 3721603 ·f3559, 18953 
4247, 26209. 628 1090 2692 10.39718910[2 354458152 
4249,89 519-6283782], 650110-3716218}2.3529,992]51 
4252, 289.6286472 268 

1104283, 16 109.6289160 2685 


270 10. 37405 17366, 1660 


10.379697 3603, 136056 
10. 3726997 3588, 46755 
26960 2249 P3 3.818154 


10.3713528[23515,424]5c 
10.37 108404 3 500, 875149 


1214257,79319-6291 845] [10.3708155123486,347148 
£7 4260,42519-6294529]2682110-370547 112347 1,83 8047 
14|4263,056 

15142.65,683719. 
1614268,318 
17142. 70,94 
18 4273357 
1914276,208[9-63 10589], ggf10.3689411123385,203|41 
2004278, 83 
21 428 1,4679 
22 4284,09 09.63 18591 66 4 
2304286, 2309. 632125566 110.3678745 z3 327, 840037 
2404289, 38 119-632.39 16/7 10.3676084[23313,548136 


9.62972 111> 65911037027 891234.57,349}46 


2678110-3700110123442,881145 
.6302568 2675 10.3697432]23428,432[44] 
9:630524J2674[19-36947 5712.34 144002]4.3 


2672 10.369283 233992593042 


9.63 132592668010. 36867423370, 833040 
9.63 189260266010. 368407433 56,48239 
10.368 1409 ʃ· 3342, 15238 


2514291,97919-6326576|, 6 

26142.94,606 2655 
2714297 2330˙633 1889265 
12804299,859 96334542 
2914 302,48 
30]4305,11119-6339844——110.3660156123222,205130 


10.367 342412. 32.99,2.76135 
2656119-3670767[23285,023[34 
10.36681111]23270,7901[32 
2652110:36654581232.56,575132 
5.63 37194026 5010. 3662806. 3242, 381031 


986329233 


3104307, 369.6342491 646103657 5091232 14,049]29 
3204310, 36109.6345137 264310. 365486 3 3 199,912 28 
33 4312,9 869.6347780 26 42 10. 3652220023185, 794ʃz7 
3443 15,6 109.63 50422 264010. 3649 578 3171, 0 5h 
$514318,23419-6353062/262»110.3646938[23157,615|25 
[2614 320,857 9:6355699-526 10.3644301123143,554|24 


{371432 3-4$1/9-6358335 2634 10.364166 5 zZ3 129,813 23 
39]4326,103 

3914328,72619.6363601}52 6110.3636399 
40[4331,348}9-6366234;,/c2 g110.3633769]23087,501|2c 
411433 3-970j9-636B859]7 62 5 
[4214336459 1/9:637 1484|—=110-3628516/2 305958811 


9.636096914632119-3639031123115,490[22 
231013486121} 


10.3631141[2307 3,536|1 


4314339,21219-6374108]2 62 3110-3625892/2.304.5,660)17 
44 +341,832) «6376731]2620119-3623269]2.3031,751116 
45143449453 n 

14614 347,072 9.638 1969. ·6 1600.361803 13003988014 
474349,692 9.63 84588½ 614/3615415 299013413; 
4843 82,3 1 1.63 87 199 f=. 36128012976, 29912 


9.637935 2618010.3628649 .f 3017, 86015 


$1 
52 


£ 


— —— — 


_—_— — 
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4943 54930 9.63 89812 2610 10. 3610188 h2½ 9625483011 | 
5643 574548 963924221, 60gf19-3607573[22.94 8,685 
4.360,166'9.6395030 2607110: 3604970[2293 4,906 
4362,784,9-0397637[z604|! 
{53}4365,40119-6400241[2 603110-3599759[22907,403 
Pe e 5 9.640284, bo. 3 59715622893,679 
55]4370,634/9:6405445]2 599 
$614 373,25119-6408044|> 506 
$914 375,866[9.641064c|, 
4591+378,48219.6413235|2 502 
59]4381,097]9.6415828|2 c02010-3584172[22825,335 
60 4383,71119-6412420 
Co-fines 


— 2613 


10. 36023632292 1,145 


—̃ (ͤ—ͤu d 


1063594555 2079074 
10.3591956[22.866,2.86 
10.3589 3600228 52,618 
10. 358676522838, 96 


595 


O ollen 


Dig 10.3581580122$11,729 
Lin L. Sec. N. Sec. M 
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— — | I eno—omo——_— 
. 6 When, oy 
4663,07719:6636725] = 


„Tan. L. Tan. = 


4666,618]9.669cot 3 3296 
4670, 16 1.66933 19 3294 
4673, 7059.660966 130293 
4677, 2509. 669990329 
4680, 79609. 6703 1973289 
4684, 342.6706486 5280 


S 


10 


1 1 7 15 9.67 360527. 
7 


4687, 8909. 670977403280 
4691, 4399.67 1306003283 
4694, 9889. 67163453283 
4698,5 399.6719628“; 282 
470, geo. 672291003280 | 


4709,19619.6729468|3277 
4712,75119-67327451327; 


4719, 8639.67 3929403272 
473,420.67 425663270 


2822.848536 


| 3269 
4730, 5 389.6749 105/3267 
4734, 09809.6752372 3266 
4737.6 5909.67556 3803265 
4.741,22219.67 5890313262 
4744,78519-676216513261 


4748,349]9-6765426[25; 
4751,9 149.676 868632355 
4755,4819.677 19441325) 
4789, 489. 677520103253 
4762,6 169.677 84563253 


2904766, 188.678 17090;252 


39478928809.28491525 


3014791,197 9.6804 440 3242 


4773,3269.67 8821124 


3244776, 8999. 679 146003240 


4780,72 9679470803245 
4784, 0469.679795 33245 
4787,62 109.6801 19803242 


4814834, 189]9.6843236/2223 


9.680768213239 
5249.68 1092103239 
9.6814 16003236 
9.68 1739603256 
9.68206 323233 


2.822865 3233 


9.682709813230 
9683032803229 
9:683355713228 
19:683678513226 
9.684001113225 


| 


54 e 3213 
4859, 3 34.686576 903213 


4862,93 1.686 898113211 


4866,28 9.6872192 3210 
4870, 1260.687540 $209 
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64 Degrees 


| __&o tangents iI N. Sec. * Co-fines 
10. 3313275 O69 "0111033,779110.0427243 — — — 
10. 3309977f 1428,93 111035, 277/10. 0 4278320. p. 95721685061, 84 8059 
den 2 Pegs 100428422 — 9.957157 8018058 
10.3 303387 3[11038,275|10.042g012]2-19.9570988[9059,360[5 7]. 
10.3 Me: 21380,083 4 11039,777]10.042960; [99570397 EY 
10.3290503 511 1041, 7810. 0430194] 1995698061905 — 
—5 18. 3293514/ 13472214  611042,783[10.0430785|>=-[9-95692 15 905 5,008 
10. 3290226 K 1331,59 7111044, 289110.0431377 5929. 9568623 5054454 
10.328940 131,423 11045, 9510. 043 19700. 956 803009053, 219 
10. 32836552 1299, 308 911047, 303010. 0432563 219.95674.37[9051,983 
10. 3280372 z1283,213 (c[11048,813[10.04.331 56P27 2199566844 9050,746| 
10. 3277090 f 1267, 137, 1111 1050,324. 10. 433750555 9. 9566250 
10.3273810]21251,082 12[11051,836[10.0434344.224]9.9565656[9048,271 
10.3270532]212.35,040}4 1301 1053, 349 18643493595 9.956506 109047, 032 
10.3267255 21219,030ʃ4 1411054, 86410. 043 5534. 596 9.95644669045,792 
10. 32639800 1203,34 15111056, 380010. 04361 3055 6 9.9563870[9044,551 
10.3260706;/21187,057|44 16]111057,898[10.04 36726 wm 9.9563274|904 2,310 
10.325743 47[11059,417[10.0437322 — 9.562678 004, 00 
10.3254 164 21155,164142 1811060, 93710. 04379 19 f. 95608 190405825 
10. 32508951139, 246 tg|11062,458[10.0438517 : 5.561493 90395582 
et 2001 106 3,981 1043911459 9. 95608869038, 338 
10. 32443622 110% 470 21111065,506[10.0439713 — 9. 95602879037, 093 
10. 324109721091, 611 22111067, 031 10. 04403 110 9. 95596899035, 847 
\[10.32.37835j21075,771 23011063, 55 810.0440911 9.955 90899034, 00 
10.3 2345742105991 24011070, 8710. 04415 10 22 9.95584901[903 3,353 
10.323131421044,150 25[11071,616J10.04421 1000 9.9557 8909032, 105 
10.322 8056, 1028, 369 26011073, 14710. 04427 11.9557 289.9030, 856 
10. 32247991012, 607 27111074, 68010. 04433 125, P- 95566 889029, 606033 
10. 322154420996, 864 28011076, 214J10.0443913 pak 9.95 560879028, 356 
10.321829 1½0981,140 2911077, 74910. 04445 1560 z˙ 98554850027, 105ʃ0(51 
103215039 [3q11079,285[10.0445118|—=[9-9554882 9025,853 
10.341 1789 31111080,82.3110,0445720 ch 9.95542 80],024,000 
910. 320854000934, 085 32011082, 36310. 04463244 6029:955 367609023, 347 
10. 3205292 z09 18,437 3311083, 903010. 0446927060 4 9.955 30739022, 92 
10-320204 7 34111085,445[10.044.753 1}, :19-9552469]9020,838 
10.319880212.0887,200] 35]11086,989110.04481 36|g,19-9551864 9019,582 
— [10.3195560{2.087 1,610 36011088, 53 310.0448741 88281259 9018,325 
10.3 1923180856, 0394 371 1090, 7910. 0449347 yy 9.955065 39017068 
10.3 1890790840, 487 3811091, 62710. 4499s“ ονe 9015, 810 
10.3 18584020824, 953 55/1093, 76e. 0450559605. 9549 44014551 
6 10. 3182604 20809, 438 401 1094, 726 10.045 1166 607 9.9548834 
10.3 1793682 4111 1096,277[10.045177 3}508 9.954822 7|/9012,031 
110.3176135120778,465 42011097, 83010. 04 52381 2 9.95476 19 9010,70 
10.3 172902 [43] 1099, 38510. 04529 8906090947011 9009,508 
10.3169672 44111100,940[10.04.53598 9.9546402;$OC8.246] 
110.3166443 45% 1102,49 8010.05. 9545793 
110.3163215 46 1104, 0560.004548 16 61019:9545184 9005, 718 
10.3 159989420701, 359 47[11105,616}10.045 5426]; 19-9544574|9004453 
—[10-3156764120685,994 48[11107,177]10.0456037 . 9.954963 003,188 
i 10.3 15354120670, 46 45111108,740 10.045664Y : 949543352|9CC1,Y21 
c|10.3150319120655,318 S5c[i1110,304110.04.57259}g 7 ,19-9542-74 fg, 
10.3 147099 f 40, 08 9 51011111,869 10.045787 0612-9542 1298999, 3 86 
10.3143 880020624, 160 8 52]11113,436j10.0458483(;; -19-9541517|8$98,117 
10.7140662120609,422| 7 5211115,co4ſ10.0459c96|;; 219-454c904|8956,848 
: 10.31374471205943187] 6 54[11116,573 10.0459709}—* 9-9540291]8E995,578 
10.3 134232205 78,950 5 551111238,144110.046032 3]; ; . 19-45 3967 7139542307 
10.3131019120563,732] 4 56]I1119,716]10.046c9 37 9.953c06318993,03 
10.3127808[20548,531] 3 57]11121,2go}10.0461552 615 9.953844818991,763 
10.3124598120533,349| 2 $58[11122,865}10.c462167 59.953783 3089805489 
10.312138 ] 35111124,442]i0.04627821g 1 619-9537218]8g89,215 
10.3118182[20503,038} Of Js 1120.019110. 04063398 — 9 9536602[8987,940 
1 2 Tang. N. Tan. N E Co- ſecants D L. dine N. Sine 
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63 Degrees 


% 5 eee N es 
ä 3 9 
14386, 3269. 642 1009 258710. 3578991 14880, 927.688 503 3204 
12 8 2586010. 3576404 24488458309. 688822720; 
3 25830/10. 3573818 304888, 133.689 14 300;320ʃ 
14 2582119-3571235122757,-445156] 414891,73719-689463 103 200 
15 2579|10-3568653122743,921[55}! 84895, 3435.689783 1031 
6 25780888974 614898,949]9-6901030Þ370% 
17 2576010. 3563496 704902, 35579. 690422603 196 
8 2574010 3560 0 804906, 1669. 690742203 19 
9 2572010. 3558346 477 30 9.69106 1603193 
9.644422602 57010. 3555774 104913, 3869.69 13 80903 191 
9.6446 79602 569 19.355320 1104916, 9979.69 1700003 189 
96449365 2566 10.3550635 124920, 61009. 6920189 f 
9.645193 10256510. 3548069 13924, 2249.69 2337803185 
9.64544960 255210. 3545504 144927, 838 9.692656503183 
9.645705 80256 110.3542942 1514931,454|9-6929750[3184 
9.6459619]2.5 59|19-3540381 614935,07 19-6932934/318;3 
9.6462178|2.557[10-3537822 1714938,68919.6936117]318} 
9-6464735|:55 /1$:3535265 15/4942,308[9-6939298 3150 
19 9.6467 2900 2854/1˙3532710 191494 5,92 8[9-6942478 3179 
0 9.6469844[2.551119-3530156 2004949, 5499.694565 3177 
a 9.647 23950255010. 3 527605 104953, 171.6948833 3176 
2 9-647494512547|19-3525055 214956,794{9-6952009[3174 
Þ3 619.6477492[2.546|10-3522.508 234960, 4180.69581833172 
4 964800380 54408 19962 — 9842043228835 5172 
p 9.6482582[2542110-351741 2504967, 699.696 15273 170 
6 9.6485 1240254 1010.35 14876 261497 1,297,696 697 3 168 
7 9-6487665|2.538]10-3512335 2.714974,92.519-6967865/3167| 
$14456,77 1]9-6490203[2.537119-3509797 $1497 8,554[9-6971032/3 166 
914459,37519-6492.7492.534j10-3507260 29/4982,18519-6974198/3 165 
30 e eee e eee 294988.816 9.597363 63 
$1/4464,58119-6497807/2 53 1010. 3502193 3104989, 4499. 698052603161 
32 9.65003 380253010. 3499662 32/4993,082/9.6983687|3 60 
9.650 8682 52710. 3497132 3304996, 7 179.6986847 3159 
9.6505 3950252510. 3494605 345000, 3 52 9.6990006]3 1 58 
9.6507920[252.4|10-3492080 555003, 989 9.6993 16413 156 
9.6510444]5522\19:3489556 36,505,527 9.6996 320/37 54 
9.6512966|2520110-3487034| 37/5011,266/9:6999474'3 154 
9.6515486/2518110-3484514 385014, 9069. 700 S, 
3914485, 3920.65 18004251710. 348 1996 3955018, 479. 700878003 150 
9.65205 102514010. 3479479 405022, 189.9. 70089300; 150 
9.652303 52513010. 3476965 4105025, 8329. 70120500; 147 
9.652554 2511123474452 425029476 218227147 
9.652 805902 50910. 347 1941 435033,1219.7018 374/3145 
9.65 3056 802507 10.346943: 145036,768 970215193144 
9.6533075|25c6119-3466925 45,5040, 415.7024663 142 
9.653558 12503010. 3464419 46.5044, 063 9.702.7805 3141, 
9.65 580842 50210. 3461916 75047. 713 9. 703094603 140 
9.68408860 25000489414 505 1,363 2.3188837139 
9.654 3086249810. 34569 14 4945055, 159.7037 225803137 
9.65 45584 2497/10. 3454416 505 8,66 89. 70403620313; 
9.654 8081 2494[19:3451919 $115062,322[9.7043497j3135 
9.655057 50249310. 3449425 8 525065, 9779. 704663203133 
9.655 30682491010. 3446932 7 535069, 63 30. 704976503 132 
9-6555559]24 89.444444. 6 $4]$073,29c[9.7052897[574c 
9.655804 8 2488010.3441952 5 555076, 9489. 70560273 129 
9.65605 360248 510.3439464 JJ 55080, 607.7059 1560; 128 
9.656 302 1248410. 34369792064, 69 10 3 575084, 2679. 70622 843126 
9.6565 505248210. 3434495 7 5805087, 9299. 70654003 125 
3.656798712481110-3432013 J 5915091,591[9.706853513124 
).6570468|——— [103429532 5. 55095 254 9707165904 
Co- ſines [Pif, L. Sec. M Co-tangents LE. 
+ 


63 Degrees 


[Dif __ Co-tangents = 
7205 10.3118182120503,038 E 577 8987, 94c 
400 111127, 59910. 04640 156160˙:95 3598508986, 66 55, 
13203 211129, 17910. 046463 1]; ; $19-953536913985,389}58 
11201 301130610. 04652496 1 »[9-95347 5118984, 112157 
132 411132,34510-0465866]; 1 19.9534134[3982,834/56] 
3199 | 51 1133,929 10.046648 506 1805-95335 150898 ,555155 
3195 10. 30989 00412, 54005 5611135, 16 10.0467 103 Th 9-9532897]$980,27615.4 
319610. 3095774420397, 1953 711137, 103010. 046772246209. 3227808978, 996053 | 
3194119-3092578120382,517]52 8$111138,692[10.0468342[52 19-953165818977,715|52 
3193 10. 30893 84420367, 532051 911140, 282010. 046 896262009. 953 103 808976, 433 51 
3191 10.3086191120352,565|50 10]11141,$74|10.0469582 2119-9530418 8975,151 50 
34 $9}1%3083000[20337,615[49 111 1143.467//10. 0470362209. 95297978973, 868049 
ee erer 20322,683|48 12111145, 062010. 0470825 == 9-952917513972,584|48 | 
{3187[10-3076622[20307,769]47] [13]11146,658[10.047 144762209. 95285530897, 29947 
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2939/1245003 17579, 36222 3811504, 734 10.060876 — 9.9391234 5692, 074 
293 $119-2447092 17567,470/21 3911506, 63 8010.060948 5 $a 9.9390515[8690,636]z 1 
2937|19-2444154117555,550]20] [4C[11508,544|10.0610204 4 9.9389 79608089, 190 
2935/19·2441217/17543¼/ 22019 41]11510,452|110.0610924 = 9.938907618687,756 
——110-2438282[17531,566|10 42111512,361 10.06 116448 9.93883 5608686,3 15/18 


293%/10ë2435347 17520/2507 \43]11514,272]10.0612365 * 9.93876350[8684,874 
2933/19-2432413]17508,191]16] 4/1516, 18510. 0613086 14 9.93869 1408683431 
2932J1.2 42948017496, 37115 45011518, 99.10. 0613808 Ao 9386192868 1,988 
2931 rte 17484, 564144 46/1520, 1510.06 14530 72 9.938547 8680,54 
2930|10-2423617|17472,768|13 47]11521,932110.061 5253}, -5:9-9334747]8679,10c|13 
io. 242068717460, 984/12 18 11523,85 1010.06 159762 9.9384024/85772655ʃ12 
2928/10.24 17758017449, 130 10 [aof11525,772110.061670c 79.9383 300 8676, 20911 
2926010.24 14830017437, 300% [5c}i1527,694/16.0617424|, 7419.93 8257608574, 762 9 
2926070. 241190417425, 705 *151111529,61$|10.c618149 722381852 $673,314] 9 
252 5110-2408978[17413,969 52111531,343]10.0618874 4. 9.9381126]8671,86C 
2924010. 2406053 17402,245 531533470 10.06 1960 day 9.938c400[8670,4 17 
——110.2403125[17390,533 54]11535,39910.0620326|=>19-9379674|$668,967 
2922 10. 240020617373, 833 55011537, 329 0.062 1053022.9378947]8667, 517 
292 1110-2397284[17367,144 (1539,261|10.062.1780]/ 7719-93 78220]$666,06C 
2920 10.2394363[17355,4608 l[1541,195]10.0622508 2 9.937749213664.614 
29 19119-2391443[17343,803 11543,130 10.0623236]/=219.9376764|$663,161 
29181 10-2388524117332,149 11545,007] 10.062 3965|/ 2919.937603 58661, 705 
ieee 10. 2385606017320, 508 


60 [1547,008)1c:0624694 [2219-937 5306[8660,254 
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30 Degrees 


9 . 2872 
495 122, 9279. 7095 182 10. 290481819520, 1 49 5965,14 9.77 56206f ;) 
045 125,42 519-7097299] 1 16010. 2902701019510, 577 50 5969, 0849.77 5907 712 87c 

115 127,923 10.2900585119501,075} 9} 5105973, 309. 776 1947/2869 
52551 30, 420 13010.289847119491,583J 8 525976, 9789. 776481686 
35 132,9 169.7 1036 4f111 110. 289635819482, 1027 53 5980926 9.776768 2867 
4þ5135,41319-7 105753 10.2894247 19472,6324 6 34'5984+87719-77 70552 2866 
5515 137.9089. 7 107063 10.2892137/19463,1730 5 $5.5988,82819.777 3418/2860 
5605 140, 049.7 109972 10. 289002 8019453725 + 565992, 109.7776284 865 
715 142,899 9.7 112080 10. 2887920019444, 860 3 5715996, 73 5.7779 149] 2803 
85145, 3 939.7114186 104[10-2885814119434,861] 2 586000, 691 EIn 2863 
15915147,887]9-711629cÞ 103110-28583710119425,445} 1 $9(6004,648]9.77 848752862 | 
Soſ5150,38119.7118203 10-2881607]19416,c4c} Of) —60;6008,606 07787737) — 
r DN gente Dig! 


A N. Sfneſ L. Sine " Co-lecants = JM N. Fan. L.. Ian. 
E [10.301030coooo, - 0[$773,50319-7614394 
3002, 5 1 (91887 10. 3008 1139989, 92959 1777,38 297617311 
2150 5303719-0994073 10. 300592719979, 87058 . 215781,262[9-7620227 
3]39207,550[.69962.58 [0.3003742119969,82-3157] 35785, 449.7623142 
010, 385.6998441 10. 300 1559119959,788 45789, 279.7626056 
5012,59 10. 7c 10. 29993789949, 764 55792,9 129.7628969 
| 6[5015,107]9.7002802þ——110.2997 198119939,753 . 615796,79719-7631881 n 
"71501 7,524[9.7004981], 72110-29950 I9[19929,752 7/5800,68419-7634792þ.0 
815020, i 40[9-7007 158 10.2992842119919,764} 85804, 573.7637702 291 
95022, 655.7009334 10. 299c666 19909, 787 95808, 462 9.76406 12 190 
101502 5,17019.7011508}, , ,,[10-2988492]1 9899,822 1005812, 3539.764320 2907 
27,6859.7013681 10. 2986319119889, 869 1105816, 2459.764647 | 
030,19919.7015852 10.2984148119879,92.7148 12/5820,139]19-7649334 — 
5032, 13.701 8022½ 168010. 298 1978019869, 997 1305824, 0349.76 52239 290 
5035, 2279.020190 10. 2979810619860, o80 145827,930 9:7655143]290 | 
037, 40197022357 10. 297764319850, 172 1505831,828 9.765 8047 29020 
5040, 2529. 7024523 10. 297547719840, 276 165835,726 9.76609 49.90 
5942,765]9-7026687 10.297 3313119830,393 175839627 9.766385 1½900 
5045,2769. 7028849 7 10. 2971151019820, 520 42 18 5843,528|9.7666751| — 
1504 7,7 8819-705 1011 10.2968989[19810,659 1915847,431|9.7669651 
5050, 989.7033 170 10. 29668 3019800, 8 ic 2005851,3359.7672550 
5052, 8099. 7035 329 10.296467 11197 90,972 2105855,2419.7675448 
2 [505533 1919+ 10.2962514119781,146 22|15859,14819-7678344| 
:15057,82819. 1029603591197 71,331 235863, 569.7681240 
[3<60,338]9-7041795]-- -- [10-2958205119761,527130 24|\5866,965|9-7684.135| 
55062, 8709. 7043947 10. 2956053019781, 735 255870, 8769.76 87029 
5065,35519.7046099], 1, [10-2953901119741,954 2615874,788|9.7689922 
5067, 863 10. 2951752019732, 185 2705878, 702 9.76928 14 
2855070, 3709. 7050397 10. 294960319722, 427 2805882,61609.7695 705 
295072, 877.7052543 10. 294745719712, 80 29 5886, 533.7698596 
502382P.284689½T14ʃ22481192294465 3005890, 45009. 7701485 IT? 
5077,8901[,.7056833 10.294.3167119693,220 3115894,36919.7704 373 
z080,239619.,7058975 10.294 102 5{19683,507! 3205898, 899.7707261 
5082, 90 19.706 1116 10. 293888419673, 805 335902, 211 9-7710147 
445085, 4069. 70632 56. 13 g110-2936744119664,1144 345906, 134.77 130330288 
55087, 910%. 7065394 10. 293460619654, 435 43855 3080.7 591712884 
$615090,41419.70675311——<110-2932469119644,767 361591 398419.771880 11-55; 
375092, 9189.706966 10. 293033219635, 110 37(5917,910]9.7721684]2 882 
385095, 42 19.707 1801 10.2928 19919625, 464 38 5921,8 399.7724566 881 
3955097, 924.7073933 10. 29260679615, 829 3915925,76819.772744712.88c 
5 100, 42609. 7076064 10. 2923936019606, 206 405929, 6999.77 30327ʃ 2879 
5102, 9289. 707 8 1940212910. 292 180619596, 593 415933,63 2.77 3320658) 
4251849. 2 803231271 2919672ʃ19588,992 28832888.238084½ 287 
45/5 107,930. 7082450 10. 2917550019577 402ʃl 43/5941, 50109. 77389612877 
45 $110,431 9.708475 10.2915425ʃ(19567, 822 445945,4379.7741838 2875 
4565 112,931½.7086699 10.2913301[19558,2.54 45'5949,37519-77447 1312875 
4605 115,43 1. 7088822 10.2911178}19548,697] 46/5953,314/9.77475338 2874 
75117, 9309. 7090943 10.290903711953941 SCH" 5} | 4715957,255 9.77.50462 2872 
815 120,42919-70930631-—-<[10-2906937[1952.9,61511% 48'5961,19619.7753334;3»: 
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3 30 Degrees 9 

Dif Co-tangents 8 N. Sec. | L. Sec. D] Co: ſines 
e332, 50 | <]11547,005|10.0624694|——\9.937 5306]8660;284/60 
917110.2382685117308,873|59] || 1]11548,945/10.0625423]7,219-9374577[3658,799/; 

f 5 a | »/99'5 
2910110.2379773[17297,26c|58 2111550,887|10.0626153],? 119-9373847[8657,344's 
2915110.2376858117285,654157 3111552,830|10.0626884 4+ 9493731161865 5,887 
2914] 10.237.3944|17274,06c[56 4[11554,775|10.0627615 on 19-9372385]8654,4 30 

913110237103 17262,477155 $111556,722|10.062.8347 326.9371653 86 52,973 
2912110.2368119]172:50,905[54 _6[11558,670;10.0629079 229.9370921 8651514 54 
2911010. 2565208017239, 34653 11560, 62010. 06298 11 ho 9-937018g]5650,05 5 53 
2919}; 0.2362298]17227,797[52 [1562,572]10.0630544 5 3 9-936945613648,595 52 
(29 15110-235938917216,261[51 9111 564,52.5110.06312.78 734.5368722 864/,134'51 
2908|10:2356480[17204,736]5c ic[11566,480|[10.0632012 7349367988 845,673 5 
2.907 10.2353573]17193,222]49 11111568,436[10.0632.746 5375.536725 8644, 21149 
22 10.23 50666 2181722 1211575394010. 0633481 7 9.936651918542,748/48 
2905110.2.34.7761 17170, 230047 13111572, 3540.063427 15 9.93657 8308641, 28447 
* 10. 234485717188, 75 1045 14411574, 3 1510.063495 3 736 9.936547 8639, 82046 
2 10.234195 3117147283145 15411576,278|1c.c6356 89 7379364311 8638,35 45 
e 10.2339051[17135,827144 16111 578.243 10.063040; 9.93635 7486 36,8894 
8 10. 2336149017124 382043 17111580, 209 10.0637 164 738 9.936283608635,423 43 
— 102333249117 112,949142] [Ie]: 1582,177110.0637902 738 9:93620988633,950'42 
* 10.23 30349 1710ʃ, 527 41 19 11584, 14610. 06 38640 739.9361360 $0 32,488'41 
2807 10. 232745017090, 1 1640 2011586, 1 18010. 0639379 7 095360021 86310194 
2 10.232455 17078717139 2111588, 09 110.0640119 * 9.9359881 8629, 549 
** 10. 2321656017067, 329038 2211590, 06510. 06408 59 2 9.935914118628,079 
** 10.23 1876001705 5,953037 2311592, 041/10. 064 1599 on 9.935840118626,508' 
| —= 10.2315865117044,587136 - 11594,019|10.0642340|<-9.9357660[862.5,137 36 

[83 919-2312971[17033,233]35] |2511595,999|10.0643082|7 + 119.9356918]8623,664/35 
1 a. 10. 2310078017021, 890034 26011597, 98010. 0643823 * 9.93561778622,19134 
— 10. 2307 18617010, 55933 27111599,963 010.0644560 * 9.9355434 8620,71 33 
2891 10.2304295116999,2 38132 28111601,947|10.0645309 ** 9.935469 118619,243, 

2 8301192301404 16987,929]31] ſ2g[11603,933|10.0646052 * 9.935394$18617,768 
I 10-2298515116976,631 30 69118982921 10. 646796 241.9353204 86 16,292 
122 5 10. 229562716965, 344029 31 11607, 911 10.064754 * 9.93 5245918614, 815 
2886 10. 229273916954, 069 28 32011609, go 210.0648285 7469˙9351715 8613,337 

Esse 10.2239853116942,804/27] 4330116 11,89 410.0649031 ” 9.935096918611,859 
298 10.22$6967]16931,550|26 34/11615,889[10.0649777 * 9.93 50223086 10,38 
288. 10.2284083[16920,308[25] }35111615,885|10.0650523 ” 9.934947 7]$608,901 
TTY 10.22.81199116909,077|24 36 11617,883110.0651270 NE 9.93487 3018607,420 
10.22783116897,856]23] [37111619,882]10.0652017|,* 9.93 4798308605, 939 
| * 1022754316886, 647 22] 138 11621, 883 10.06 52765 A 9.9347235ʃ8604, 457 
2880 10.227253 16875,449]21 139]111623,886[10.06535 14 * 9.9346486|$602,975 

E859 10.226967 301686426100  [.oli11625,891110.0654262 4-4 9-9345738]-601,491 
2878 10.22.66794116853,085[19 41111627,897110.0655012 750 9.93449$8|8600,007 

87 10.226391 16841919 18 42J11629, 908010. 065 5762 750 844238 8598,523 

10.2261039116830,765|17 11631,914|10.06 $7251] 859 
Es 4311163 1,9 1410. 06565 12 19.9343 48808597, 037 
2875 102258162 16819,621016 [+4 11633,92.5|10.0657263 5+ 9-93427 3713595551 

* 10. 225528716808. 48915 451635, 93 810.0658014 5 9.934 198608594, 064 

| $74 10.22. 52412116797,367114 46 11637, 95 310.0658766 75219-93412.34 $592,576 
872 10.224953 816786, 25601; 4711639,969110-0659518], - 19.9340482|8591,088 

E 10.2246666116775,156|12 148]11641,987]10.06602.71 7 9. 9339729085 89, 899 

10.2243 794016764, 67 I 490116 [10.066 89761858 
2871 44,0071 10241. c ,19+93 3997019588 

2370 10.22.4092 3 16752,983|10 130 11646,028| 10.0661778 11 9.9338222 356,679 
2869 10.223 805 3016741, 921 4 5111648, o5 110.0662533 75 9:933746718585,127] 
2869 10. 2235184167 30, 864 5211650, 07610. 066 3287 4s 9:933671318583,635| 8 
2867 10. 2232315116719, 818 : 535 11652, 10210. 0664043 75619-9335957|8582,143] 7 
* 10.222944 916708, 7820 54111654,130110.0664.799 756 9533520108580, 64, 6 
2866] 22226582116697,758] 5 [155111656,160[10.06655551,2-19-9334445|8579;155) 5 
22651'© 222 3716116686,744| 4 56 11658, 19110. 0666312 7 9.933368 8577660 4 
286301222088 87840 3] 5521186822410. 067069 5419-9332931[$576,164] 3 
2863 10. 2217968116664, 748 2 58011662, 259/10. 0667827 75% 9.933217318574,668] 2] 

[: 862 1 8 45911684, 96 10.0668 5850 c 45.9331415[8573,17 1] 1 
Da T 3J! 1 8 0 833X834 56088267300 
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Co- ſines 


TY Degrees- 


N Sine L. Sine [Dif Co-ſecants 1 N. Tan. L. I an. 
5150, 381 9.183235 140.2881607 1941604060 c 6008,60619.7787737 
1|5152,874|9-7120495}2 101010, 2879505. 19406, 646.59 16012, 669.7790599 
25155, 3679.7 122596 ½099 10. 287740419397, 262058 26016, 527.7793459 
305157,8599.7 124695 2097 10.2875 30519387, 8895) 316020, 4909. 7790318 
45160, 35 10.7 12679 0971 28732080193 78,2756 446024, 4549.779917 
505162, 8429.7 128889 2094 10.2871 11119369, 1765; 516028, 4199.7 802034 2857 
85165330139283½2094—2888812J992838ʃ54 Leers, 
15 $167,824 9.7133977|2092 10.2866923 19350,505153 716036, 3549.7 807747 2855 
| $[5170,31419-7135169]2091 10.2864831119341,185]-2 $]5040,323[9.7$10602 2854 
| of5 172,804[9-7137260|208g]10-28627401193 31,8761; 916044294[9-7813456|.83: 
10]5175,293|9-7139349|2088]19-2860651119322,570 5c 10[6048,26619.7816309|, 95; 
1151777829.7 14143720871. 285856319313, 29049 11.65, 24009. 7819162831 
Werde 143524. — [l. 285647619304, 013048 1246086 8 2851! 
5180, 2709.714352 2085 4 201314. 126056, 159.7822013 TIT} 
1315 182,758[9-7145609[z084[19-2854 3911192949746,” 36060, 19219.7824 864]: 845 
1405185, 2460.7 1476932083010. 285230719285, 49.46 1406064, 1709. 78277132845 
1505187, 339.7149770 2081 10. 2850224019276, 24405 1506068, 1499.783062 2848 
| 16|5190,219]9-7 151857|2080|19-284814 3]19207,009], , 1616072,13<[9.7833410|2 848 
1715192,705|97153937|207$|19-2846063[19257,784[,3 17]6076,11219.7836258|2846 
18]5195,191}%7156015Þ00, 10.284 3985|19248,57C|42 18]6080,095 9.7839 1045. 
19 5197,676[9-71580921> 076 10.2841908[192 39,300], 1 1956084, 08009. 7841949 2845 
2005200, 16 109.7 16016820751. 2839832019230,17 3040 2006088, 0679.7 844794 2844 
2105202,64609.7 162243[2073110-2837757| 192209901 ;0 2 115092,054|9.7847638|2842 
12215205,13<9-7164316|2071 10.283 5684019211,81738 22096, 04 3.78 504 81 2842 
2305207,6 130.7166387 200 1.26336139202555057 2306100, 039.785 33230 2841 
124052 10,0969. 7 168458 ny 10.2831542[19193,503 36 24]6104,026 9:7856164[-$50 
2515212,579]9-7 170526|2068110-2829474 19124,362135 25/6108, 199.7859004 840 
26052 15,6 1.7 172594 2066|19-2527406]1917 5423034 26006112, 014 9.786 184428380 
25052 17,54309˙7 174660 206 510.282 534019166,11033 2756116,011. 786468202838 
2$]5220,024 9.717672 5 064 10. 2823275019156, 99903 2810120,008|9.786752C|2837 
2.015222,505 9.7178789 2062 10. 2921211 19147897 31 29 6124, C0) 9.78703 57 2836 
301522.4,986 9280851061 10.2819 14919 138, 809.30 30 128.0089. 7873 19312835 
31 522.7,466|9+7 182912 2059 10.2817088[19129,729129 3106132, 100. 7876002835 
32/5229,945 9.718497 1 205$10-2815029 19120,659128 3216136,013{9.787 $862 2833 
33 52 32,4247 1870302056 10.28 12970 1911 1, co 27 33 $140,018 9.7881696 2832 
3415234,903|9-7189086/2 056[10-2510914/19102,55 1126 3415 144,02419.7884529]2 $52 
35152.37,381]9-7191142/1205,4 10. 280885819093, 512z5 356148,0329. 788736102831 
36 5239,89 9.719396 2053 10.2 806804 190844483 2.4 3 6152,041 9.7890192 2831 
37 524233697 195249 2051 10.2804751[1907 5,404/2.3 376 156,529. 789302302829 
3805244,8 13.7197 ;00 10. 2802 20019066, 456%½2 3806 160,649. 78958822829 
3805247, 2909.7 19935002049 10.2800050[19037,457]2. 39651640779. 78986812827 
405249, 766,201 39 ½048 10. 279860119048, 469ʃ½ 4065168, 929.7901508 827 
4105252,24 1,7203447 2046 10.2796553[19039,491119 4106172, 1089. 79043352826 
42525477 17N2.423 2045 224 18 42617551260. 907 16 1726 
| 42 $257,19119-7207538|204 10.2792462|19021,504\17 43 0180,145 9.7999987[2824 
4415259,665|9-7209581|2042} 102790419 19012,616116 4419184,16619.791281112824 
4515262,139/9-7211623|2041|10-2788377[19003,675/15 4510188 18+[9.7915635|2823 
4615264,613|9-7213664/2040 10.2786336[18994,7 50[14 4619192,21119.7918458|2$22 
4515267,085/9-7215704/2038| 10-27 $4296118985,532113 4716196,23C[9.792128c[2821 
14$15269,558/9-7217742 2030 10.2722 58118976,924|12 4815200,26319.7924 1017350, 
4515272,030/9-7219779|203 510-27 8221118968,020111 49020, 9109.792692 1]2820 
56 5274,52 97221814 03401,2778186 1959,13 8/10 Scſez08, 3209. 792974102819 
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27801·19 302 86,15 596,552 20011878, 954/10. 0747782 31009˙9 25221808418, 2490 
2579ʃ1.192750615586,57219 41061188 517110. 0748592081 119-92 51408|8416,675 11, 
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R. dme E. Se Diff __ Cotecants | AN. Tan. L. Tan. Diff 
£ 54465, 3909.7 361088 8 10.263 89 12418360, 785 6c 46494, 76 IA, wp 
" 113448,83c[9.7363032 * 10.26369683[18352,565]55 I16498,212]9-8127939 3 
215451, 2699.7 364976 1942 10. 2635024018344, 35458 26502, 3 509.8130704 276, 
$15453,70719.7 366918 1941 (0.2633082118336,152]57 36506, 9009.8 133468 2763 
4 5456, 145 9.7 368855 1940 10.2631141 1$9827,959]50 416510,63 109.8136231 2.762 
515458,53319.73 70799 1938 [10.2629201118319,774155 | 516514,77419-$138993 2762 
6546.7 372737 e. 2627263018311, 9984 665 18,9 189.8141755. 
—ä— — — 1928 22 1 ; 2761 
715463,456 9.7 374075 1936 10.262532.5118303,432153 716523,064 9.8144516 2761 
85546 5,892 9.73766 11 1935 10. 262338918298, 274052 865272119.8147277 2759 
95468, 3289.7 378546 1933 10.2621454|182 87,12 5081 96531,36009.8 150036 2759 
10547, 3. 7380479019 330lë2619521018278,98 5,0 96535,511 8182795755 
115473,198.7382412½931 0. 2617588018270, 85 4049 11066539,663 9.815334 2767 
121347 5,63219.7 384343 1970 10.2615657118262,731[48 1216543,817,9.8158311 7 
1315478,066]9.7 3862731928010. 2613727182 54,6177 136547972 9.816068 
145480, 49909. 7388201 1928 10. 261179918246, 51240 146552,1299.8163824 2756 
155482,9329.7 390129] 52.6 10.260987 1 8238,416ʃ4 1566556,287 9- 81665807735 
1615483, 3659.7 392055 1925 10. 2607945 18230, 328044 1606560, 447 9.816933 2754 
1715487,797 9.739390 1924 10. 260602 18222, 24943 17 6564,09 981720892733 
1854902289. 7 39590. 1923 10.2604096 182 14,179]42 1816568,772|9.8174842 7735 
1955492,6599.7 397827192101, 260½17 318206, 1181 19657 2,9379.817759 5275 
2015495,0909. 739974801920 10. 2600252 18198,065 40 296577, 039.3180347 ·51 
21 549755209. 740 1668 1919 10. 259833218 190,02 1039 216581,2719.8 183098 4751 
215499,9509.74035871918ʃʃ¹ 2596413018181 985/38 22066585441 9.8185849/2 5: 
2315 502,37919.7405505|1916119-2594495 18173958037 2366589, 129.8188599 274 
245504, 8079. 7407421 1916 (0.2592579]118165,940[30 24(6893.785 9.8191 9 274 
255507 369.749 3379142588663 1815793035 256597, 9609.8 194096745 
2605509, 639.7411251 1913 10258874918 149,929%34 2606602, 1369.8 196844 2744 
2715512,09119.7413164|jg11 10.2586836118141,937(33 27/6606,31319.8199592/2 746 
8 $514,51819.7415075 1911 10.2584925018 133953032 2.8166 10, 49209. 8202339 2.746 
29155 16,944 9.7416986 1909 10.2583014{18125,977]31 29066 14,6739. 8205084 2745 
30155 19,37019.7418895 1906 10.2581105]181 . 3066 18,886 282229274 
[31 5521,79519.7420803 1909119-2 579197 18110,0532 255 316623, 04009. 82 10574 274? 
32 5524,22019.74227 10 1906 10.2577290[18102,102 28 32066627225 .8213317 274 
3315526, 645.7424616 1904 10. 257538418094, 161027 33663 1,4139. 82 16060 274 
3405529.0699. 742652019031. 257 3480/1 8086, 22 8ʃ½ 6 340663 5.60 19.82 188032742 
$3515531492(9-7428423]1902/19-2571577118078,304jz5 3516639,79219.8221545|z 9,1 
3615533,915/9-7430325 — 10.2 569675 18070,388 2.4 3616643-984/2.8224286]—. 
3755536, 338.7432226 900[19-2567774118062,481]23 376648, 17 809.8227026 40 
3815538,76019.7434 1261898010. 25658 7418054, 822 3866 52,37 39.8229766 2739 
395541, 1829.743600 24189710. 25639761 8046,69 101 3966 56,5709. 82325052739 
405543, 9.743792 101896010. 256207918038, go 4006660, 769 9. 82352442730 
45546,0249.743 98171893 10. 2560183018030, 35019 4106664, 96909. 8237981 2738 
4215548,44419.7441712 1894285 $28811802.3,070[18 426669, 171.8240719 Te 
43]5550,864/9.7443606|1 goa110-2550394/18015,213]17 4+316573,374/9-8243455/2.736 
44[5553-283/9.7445498]1; 892110-2554502|18c07,365116 14,6677, 5809. 8246 1912735 
4515555»/0219.7447 350/1890019. 255 210017999, 24/15 45668 1,7869.8249926 273 
4605558, 12 19.7449 2800 gggſ10-255<720,17991,693114 4606685, 99 509.825 60% , 
47[5560,53919-7451169]1 gg9[19-2548831[17983,869Þ15 476590, 2059. 825439402733 
4805562, 9569. 745 3056 1885 10. 25469447976, 05. 12 1806692, 417.8257127 2733 
49]5565,37319-7454943]1 885(19-2545957117968,247]11 [49|6698,630ſ9.82.59860'2. 732 
go[5567,7901[9.74 56828 1884112-2543172117960,449[10 5016702,845 9.9262 592 2731 
515570, 2069. 7458712 1883 10.25412.95|17052,658 9 516707, 061 9.265323 2730 
| 52 5572,621 9.7450595 1882 za 17944,870 8 52 671 1,280 9.8268053 2730 
531557 5,03619.7452477|1 881119-2537523117937,102] 7 5316715,50"[9.8270783/273c 
(54 55$77,45119.74643508 1875 —253542T&17929,337 » 546719,721 223 7720 
5515579, 865.7466237 1876 1025337621792 1,5805 556723,944 9.827624 2020 
5615582,2 799.7468115 187711.2531885¼½17912,8210 4 566728, 1699. 8278969 2727 
57 5584,92 9.74699 92 1876 10.25 3000817, gc 3 576732,396 9. 8281696 2727 
1585587, 1059.747186 1875 10.252813217898,357 2 586736,6249.8284423 27206 
15 $589,51719-7473743 1874412526257 789063301 59/6740,854/9-8287149/ 025 
60 5591,929(9.7475617| — p 10.2524383/17882,916| © 606745, o8 519.82.89874 _ 
— 5 7 Se. N. Sec. f. 222 2 
Co EET L Sec. | N. Sec. |_Co tang ents | Dig 


3 Cs. 
Dift. Co-tangents A M N. Sec. Sec. D — Co-fines 2 2 
555 eee ee © 1192.3,633|10.0764086 2 I E 
2 2 . O 12115 
187206 1015388,848 1111923, 8860.076490) 9235093 [8385,12 
2765 an 15379034 50 2]11928,142|10.0765728 — N 4272683534055 
(2.764 10.1866532115369,270157 3111930,399110.0766550 3 9.923 3450 8381,95 57 
27031 ,0.1863769115359,494|56 4111932,658[10.0767372]g” [9-923202818380,363]56 
12702 5111 18110.0768 195 3 9.9231805[8378,775 35, 
2762 10.1861007[15349,727155 93479 823 23008218377 18 | 
257 10.185824 50153 39,969 544 | $[11937,181 — — 309 : 377, 15 
E75 [10.1855484/15330,219/53 1193,46 10.769 842452301586 375,57 t|53 
5484/15330, 219053 7111939444 984210. 
775 10. 1852723015320, 47952 $11 1941,712[10.0770606 ns 1 8715 - 
2759 10. 1849964153 10, 746051 911943. 98010. 0771491 92 4 88 1 0 fas 5 
2759 10. 1847205ʃ15301,023 050 10111946, 25 110.0772316 926 G 2836 1 { 50 
ett it eee 5228052 93677673 18 
rp 10.1841689]1 5281,602|48] 121i 1950,796[10.0773968 527 757g +5142 
10.1838932|1527 1,,04/47 13111953,072110.0774795]g, g/9+9225205 05047 
459 l0.1836176 1526221546 14111955,350[10,0775623 $28 3 2 46 
2755 10. 1833420015252, 53545 15 11957,629 10.077645! 828 9˙9 16720 3361266 45 
275 4(10.1830665]15242,863/44 16111959,911110.0777279 728 1389870 14 
I I0.1827911 1523 3,200 43 17111962,194 10. 0578 109 ie: 33807 1 
5 10. 1825158 1522354542 18 11964,479110.0778938 970 7755 5 
3]10.182220: 90 56,767.10. 07 797080 9.92202 3208356, 46041 
10. 1822405/152 13,8994 1911 1900,707 77970862 * 
[2752 10.1819653 15204,261 40 2011969, 5610.07 80599 $31 4.99% 9-5 434070 4© 
2751/19-1816902115194,632/39] [2111197 1,346110,0781430],7 9-921 22 8 bs 3 
270 10-1814151]15185,012138] [22111973,639[10.0782262 $32 1 Ie x 3 
2749|10-1811401[15175,4c0(37] [231119759 34[10.0783094 4 8348. 0 * 
57 10. 18086 52015 165,796.36 4119785230 o fes l er 9136] 
+ 7 1980, 529 10.07 84.760], 9.9215240ʃ8 346, 87735 
10. 180590415156, 201035 2511980, 529/10. 07 84700], ; 
4p 10.1803156|13146,514]34\ [26[11982,829]10,07855940,34]9.9214400 2345275 4 
444 10.1800408[15137,036[33 27111985, 13 110.0786428 835 3 3 33 
2746/10-1797662 15127,466132] J28111987,435]10.0787263 835 [ory 4 "avg + * 
2745/19-1794916115117,905131] fette tete gba zee. 521180 235,458 
el 151087352039 30111992,049 —— 72 - 1 
1 | 11994,359[10.078977 11g? [19-92 1022955337, 2529 
10.1789426|15098,807/29] [3111199443 9771836 4 | 
36 10. 1786683 15089,27 1 28 3211996, 67 1010.079060 360.6208395 K N 
2743 10.1783940115079,743]%7 33]! 1998,985110.0791445 3380.25 wy $332, 1 . 
2742 10.1781197/15070, 22426 34/2001, 300010. 0792283 $39 2 4 4 30 J25 250 ,"F 
[2741 10.17784.55|15060,713/25 35112003, 618 n 7 $32 COL Fl 
——[10.1775714[15051,2I0244 f36112005,937110.079396 1 Ty — N . + bl 
2740 716 37[12008,258[10.0794 800], 7-19.92052co[8327,6c2]z3þ 11 AIR 
10.1772974{15041,716,23 37 0794000, | 41 
+54 1017702341 5032,229/22 38[12010,582 100795640 $41 . 112458 7 1 
Nene el bez dge 40 12018%/eiaa ll 5.520652 26 fe th 
2737|109-1764756 1 501 3,2.52'2 $012 29 05,23 9110-07973 d4210-9201836/8321,1.55 11 
2736010.176 2019/5003, 32 10 [41112017,563[10.0798164 $42 [7252103 r 19 Fj 
= [10-1759281114994,367/1%) 42 r — 920099002, Bebe thud 4 
2735 10. 1753809 14975,486|1 44 12024, 56 110.0800692 $44 9.9 5 8 1 | * 
273411$-1751074[14966,058|15] ([4512020z398110.0801530], | 19-919 925 SRO 14 . 
2734 10. 174834014956, 63714 46012029, 3610.080238 vp 1 n 7 1 
2733 10. 1745606014947, 225 13 47112031,577]10.080322 5 840 2919 5208830 15 3 8, = | 
Fe [0.1742873[14937,822|12 12 12033, 9190.080407! e 92945 he bl 
$564 10. 1740140014928, 426011 4912036, 26410. 0804917 4.988225 1 7 my 
2731 10. 17374080149 19,039, 100 (559 12038, 10.10. 80576; 847 44-44-64 * 830 985 q "i 
2730 10.1734677|[14509,659] 9 $1112040,958110.080061C 840 9.9 182252 3 9 
2730 10. 17319471490, 88 8 5212033, 308010. 0807458 845 9.9 92.54 - al 1 
2730011729217 14890, 925 7 5312045, 660.1. o8o& 306 84517212 <p 3 ik 
272226465 14881,570, 6] [54112048,014|10.0809155 = R 5 . Wi! 
44 1 4872,22 5 55112050,37c[10.c81co04[, 719.9189 g6[5298,50C 8 
272 $110.1723759114972,223 29/1 - 185 | | 
Sa earn auto] io nora. boſe pong radiate) 
2729 10. 171830414853, 554 3 57]r205 5,088 now Ne 351.5187 ” ever 
Ye ET eee no se 85,b 100134008: 18e 837 gave 
10.171285 1014834, 91 4 f 0 4 
A, e 14825610 A oc 12062,17910.0814258 = 2-918574218290,370 
[Diff L. Tang. N. Tan. AI IJ. Oo: ſecants L. Sine | N. Sine 
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N Sine] L. Sine Dig _ Co-ſecants MIN. 1 an. = ww 
2 rei ic. 252438317882, 91650 c(6745,085]9.8289 14|— 
_©15591-929Þ-747S017|— -—— _ "$202 50002725 
— s 77480 $ 7 10. 2522511017875, 208059 15749, 3180. 92599 2724 
15594,3 409.74 ae 1871 10. 2 520640017867, 30858 26753,5539.8295323 272 
5556751.7782230%1870J10.251877017859,817/57 3167 57,79019-8298047/ 25 
5657.572748 [ts g 1025169107852, 13356 / | 4[6762;02819-8300769/2724| 
65500, 3902 1865 820121172 767747529.8308934 
| 175608, 798 n 1864 l eee 2 b 8571357 9.8311054 122 
| 815511,206 A e 1863 10.2507575ʃ1781 3,8365! 96783. 2439.834374 2.716 
915613,614}9-7492425]1 962 10. 25057 13117806, 201050 1006787, 4929.83 17093 2718 
| 1056 16,021 9-7 494287 1361 10.2503852[17798,574149 111679 1,74119-83 19811 2718 
| [115618,4208-74992 1411859} 2 501903770 06849 2572829238. 2529 2 
= — a———_ ? 83,344 1316800, 2469.832524 
| fee . gel g cn 4982711977 740140] [1416804;501 7275 671 
141592 5,045 185 5 2117768, 146 1516808, 7589.83 30075 
| y: 5628,049]9+750357911855 -n 3 1 A bh 16 6813 216 9.8333394|, 41 
1.2 7505434 24945 7700, 559144 z ee TIP LS 
| 16156 30,453] 750543411853 10.2492713}17752,080[43 1716817,276|9.8330105 271 
| 1915632,857]9-75072%7|1853 108 1806821. 379.8338823 21 
| 18]5625,260[9-7509140|——=[12:245 e 62713 
11 SHS | 845141 191682 5,80119-834153 
| 191$637,663/P-7510991|185 1 A. ee 6830066 9.55415 
| 20[5640,06619-7517 26071849 10. 248530917722, 743039 21|6834,333|9-5340901 2712 
2115642,46719-7514 ” 1547|10.2483462[17715,204138| 2216838,60119-8349073\ 1; 
| 22 5644, 8699. £44434 be 1.0L 10.2481015 17707,672 37 23 6842,871 9. 8352384 12710 
| op re p.75202 31] 22162479769 eee [24087045 9-8355094 70 
2 844 2.633135 25 16/9-8357 804500 
2515652,070}9-75220 '5[18.,4 141 fo: wat 3 26 php ep th 9.8300513 1 
2605654,469 9752391911842 102474239 176775625 33 27 6859, 969 9.8363221 2708 
2715656, 868 9. e 184 10. 2472398 17670, 3332 28 6864,24) 9.8365929 2707 
28/5659,267]- 8455 yr 7775 10.2470558]17662,649131 29 6868,52.8/9-£3680 30 2707 
705584702283 1240/54 2119249872<[17655,17 5/30] [3068728169837 134350 
| 59-2042 8d 1838 10. 2466882017647, 70429 3166877093 9.83775 9 27ch 
| 67 5666, 4599-753311 1836 10. 2465046 17640,244 28 326881,379 9.8376755 2705 
f 32 $668,856 op Meh + --dcko 1236 10.246321C 17632791 27 3316885666 9-8379400 2704 
| 33/$671,252/9-753079011834| 2461376 17625,345]2.6 3466889, 955˙8362164 2505 
; 34/5673,648|9- ber 1533110.2459543117617;908[25] [35/6894 246 98384867 2704 
j 355676, 043 9 1531 10.2457712 1761,47 84 36 68982838. 2250 _ 
1 265678,437 A eee. 1831 10.2 55881 17603 057123 37 6502 83209. 8390273 2702 
' | 7544119]; 820f © <# : os f 2 
3715680,832/9-7544 3010.245405 101759 8,6422 386907, 128 98392975 2701] 
| 38 5633,22 519-7 54594911828 10.2452223 17588,236[21 39/691 425.8395676 2701 | 
39 5685 619 9. 6423454 1827 10.2 50396 17580,837 20 40 6915 725 A 8398377 2255 
5 86525 5 55 112 0.246744 17566, 06318 42692473289. 43776259 26 
- 2 22 8 
p 5 2 2 5 5080 * 0.2444920 17558,687 17 43 6923, 633 9. +$406475 2.695 
43/5095,18719-7555 10.244 3098[17551,320|16 449 32,9399˙8409174 2697 
445697, 5779.75569021822 "ed 4 Wade ee p44 4516937,247|9- 841187112698 
Ce GT So ref $2110:2439456|17836,607/10 [40/6941:587/9:8414569/2656 
— 704% 4.7562 36/1150. 437036017 829,621 E 
* = 619.7 564 182|—=|19+2435818)17521,92412 +26950,18112-24199 2696 
3 65000 57182434001 17514,595½11 496954, 49698422657 2694 
495709, 5249.7 5659991816 10.24 3218517507730 50695 8,8 1309.842535 102695 
ers 74%. 750701511815) 2 430370[17499:958| 1 6516963131784 86462 
5171728. 7874.2428335617492,5810 8 526967,45 109.8430739 2653 
52 5716,686 975714441812 10. 2426744 17485,352 7 53 6971,773 9.843 3432 2693 | 
50 777,75.753%68 812/102 424932 7478,80 6] 654657697 9.836425 2692 
2 22285 Asafa fee 5 5559 85,422 9-84 38877691 
860572652 25h.75786 87/1810 2421313074634 ] |[50|6984,749|9:8441505|2631 
5605726, 22997578687 1808 10.2419505117456,230) 3 5716989,07 819.8444 199|2.69c 
$715728,61419.753049511807 102417692 17448,969] 2] |536993,409|9-8446885]269c 
59 $733,383 47440, 1805 10. 121555 17434,468| © 60 — IS» 3482260 
Co: ſmes biff. L. Sec, | N. Sec. D- — JB. 8 — 
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S Co-lines | F 
ic Co-tangents | M N. Sec.] L. Sec. ). = -[— 
{Off — — —— 2 E 12062,17y[10.08 14258[— - 1857421 5250,37 ds 
—— [10.1710126[14825,61c|6c 32 878 Tc 52.918480 286,749.59 
[2725 10.1707401 14816,311|55 1112064,547 age Ya. 63 $5310.9184037 9287,121]58 
272.010.170 4677 r 12885820 100 16817 554.9183183 178115 
*/*M10.1701953[14797,72 5 3 ; 579.9182329 [8283,8645 | 
2722 Io theres 12788 462 56 411207 1,662 1 854 ef thy 02 822 34 55.1 
2723 10.1696508114779,1971;s5 5112742037 3 785 855.9180020 9289,603054 
2 N. 16937874769, 3054 L. eee, 6408278972 53 
— — | 8.7 10. C820236 9 9.91797 4 * 
. 10. 169 106614760, 8853 7142079794, $210,2|29®[.9178908|52 77,340 52 
"72 110.1688346114751,445/52] | $[12081,175 W e 4057.517805 108275, 708051 
[25 1g|1-1685626114742,210/;51 | 3 0822806 95719-9177 194|82749074\5c 
2719 10. 1682907 14732,983 50 10 12085, 944 I ©. pm: 66 858 9.9176336 8272 72440 
2715 19.1680189114723,764|4,900 112088, 331 r * 6.517547 802 70,00 
2718 10.1677471 147144553 4% _ | 2090,720 1 24522 $59 9.y174619 $269,170.47 
[7 15110-1674754114705,350|49] [13} 12093, 16. Sees 40] 598.9173 760|$267,534/46 
2717 IC. 267203714 696,155 46 11412095, 505 10. pgs 6 860, 9172900'8265,597 45 
9 15/11669321114686,967]451 [15]12097,900 10.082796of**91g.9172040$264,290/44 
[2715 10. 166660614677, 7 8844 16112 100,297 age hy 35 9.517117%262,622 43 
715.10. 1663891 1466 8,6160443 17 12 102,696 der 68 2 91; 20317 823 42 
2 sio. un A. 9169.55 525343 41 
2713 10. 1653846414 650 29014 | ISHIZIC7,zCO IO. on ee „10553257, 40 
2713/10. 1655751 14641, 14770 20012 109, 05 10. 2 6036 71677 30 6220,C0z 35 
227 10.165 3039ʃ140 35, 007 39 21[12112,312 en ee. 04\,.9166566}5254,420) 3 
271218. 16503 2714622, 874 28 22112114,721 10 0033 34.80 5465. „100 8252/7837 
9405 10. 1647016, 14613,74937 23112117,132 3 22 9.9105 137 8839 
2710 10. 16449065 1404.63 2 36 2.4 12 119585 — + EN 3 5 10427 2 8259549 1135 
2710 [0.1642196/1 $906,622 77 25j12121,960;10.0835 5 page 06}8247,64713 | 
222 10 1618487 145867420 34 26212, 10. 830554 ge, 5 [9249202133 
2705 101636779 14577, 326 33 27J12126,775 10.08 125 0 Ye 101073 $244,550 32 
Ut 10.1634071 14568,240/32 232 1296216 TOOKETIETILGS v. LOCPOZ| $542,009 31 
2707 10.1631364 14559,16131 20112131,629 100839195186 5.915 9159937, $2.4 1,202,3 
(127971: 0. 1528657:14.550,090 30 3001213 34,964 10 wa OC ; 8 2 91 2 756175 
2706 0.162 5097577 1 1.0270 31 12136,491' 10.084093 8690 158200 5237.9 5 2.4} 
[2706 r 28 32 12138,920/10. 842570 1872705 30,310 27} 
705 10. 1620540 14522, 92327 33112141, 351/10. 2 57 708700. 9156460 82 2356 
2701½10.1617836 14513, 883604 4112143,784 3 971.5155589 0823 3,015! 25 
703 10.1615133 4504,85 025 52146, 218 10 8462. 9.91547 18/8231,364 24 
299.10. 161242 144953925 24 36112 148,655 10.0845 2130152846 $229,712.23 
[2702 10.1609727 144 $6,508 > 30 12151 ogg 10.0846 154 872 3 $228,059 22 
12702 10.160702 5 14477,798 52 38 12153,535 10. 5 8 99152101 8226, 405 21 
>121110.1604324114458,796/2 1 $[12155,978 10.0 +; LL 8224,75 % 
2781 10. 1601623 14459,801 20 40 12158, 423,10. 08. 64675 Ma, 55. 9150354 $2.2 3,090 19 
8800/10. 1858923144514 190 41 eee ee 221-4491 
2999110.159622.414441 834018 42 12163,3 19 eee 
269511593 25½74432,%½% [4s 12165, 70,10. 88759075 ö J ee J 
269910 159082614423,897/16 4412 168,223 10.082271 877 9.9146852|3236,469}1 5} 
2297110-158812914414,949|15 45]12.170,678 10.853148 8566 5.914597 14561414, 
[259 110.1585431 14405991], 46 [2173,135,10.0354024 gy 77 9.145099 62.1 38132 13 
2096 10.1582735 1439704913 7112175,594, 10.0 e 87 9.914422 11921 492112 
69610. 1580030 14388,114|12 2811217 eee 35775175 9.9143 342209, 85211 
8 1187111 40 12180,518 10.085665 878 8203, 170010 
259. e 188. 14370, 268 10 8 12182583010, 6857536 880 4 £49 $2C6,50y 5 
2695 meth eh 14361,356 9 31 [2.185,450) 10. 858516880 7$140704|$204,540 q 
2693 18168 14352, 451! 8 152 12187,919/ 10.0859296 880 . ee AJ 7 
2693 f 152 12190, 39010. 080017681 ENDS 315201519 
| lo. 1566568: 143432554] 7 53 861 057] 3-9138943 2 
2510. 1563875 14334,004] 6 54 12192,364\10.0861 1882] 0138c6115199,854\5 
259*110.1561183[14325,781] 5| [5eli2195,355 10.362 82 13717 (519018, | 2 
2691 10. 1558492143 16,906 4 50% 2197,816}1C.086282 2851” 13625“, 525 3 
2691] ** GE 5 | 12200,290}10.08637C4 88. 85 38413181 4,.850 2 
10.1555501114 308,035 3 9 £645$7100 1/49 135415}7 | 
8 10.1553111114299,17Y] 2 $01 [2202,77 71100264527 1833 2-9 13453939 3ol 594 | 
2690 10.1550421114290,326] 1 55 3 8 847 isses 2c 
— 10.1347732414281,48c| © ocf 12207,74010.0360355 D FT el Sine] 
Diff * — Tan. M 1 Colecants . | il 


55 Degrees 


21 
22 
23 
24 


205783,323 


5785, 696 
5788,069 
5790, 440 
245792812 
25|5795,183 
26157974553 
175799, 923 


35 Degrees 


2 


0:7587717]1 802119-2412283117427,229 
9.758951511 802119241048 11174 19,997 
9.7 591321] 1 goo 24086791174 12,7735 
9.7593121}1799 10.2406879]17405,556 
0-7 59492<|1798119-2405080117398,347 
9.7 596718] = - 

"7508515117061 19-2401405117363,951 
43 4 1 3 10.2 3996891737664 
9.760 100 1793 
6 9.7603 899 1793 10.2396 101 17362,413 
9.7605692 1791 10. 2394308017355, 248 
9.760743], 5 
5:7609274|1789|19:2390720117 349,941 
9.76 cc; 1788 10.2388937117333979%|- 
9.7612851 1787 10.2337 149 17326, 663 
5.7614638|1786|19-2335362117319,535 
9.7616424|1784 10.2383576|17312,414 
2.7618208] 500 


7619992 10.2 3 80008 17298,195 
61775 "= 10.237%225117291,096 
0.7623556[1781|1$2370444[172.84,005 
0-7625337|1979|19:2374903[17276,921 
9.7627116|1778 10.2372884117269,844 
9. 7628894475 

2630671] 1576 19-2309329]172.55,712 
> 1 10.2367553117248,657 
9.7634222] 197.4 10.2 36577 801724 1,609 
9.7635996|1 17 3/19-2364904117234,568 
9.7:637769]1771 
3019.7639540] 


dine L, Sine[Dig] Co: ſecants . 


10.24 1408717434468 


10.2403282[17391,145 


10.2397 894117369,585 


10.2392517117 348,091 


10.2381792117305,301 


10.2371106|17262,774 


10.2362231117227,534 
10.2 360460017220, 508 


3105809, 397 
32|5811,765 


5641311] 1n60\19-23586891172 13,489 
12880 9 10. 2356920017206, 477 
9.7644849] 1767 10.2355151117 199,472 
9.7646616]|1966|19+2353354117 192,475 
9.7648382]1765 10.2351618]17185,484 
9.7650147]- 


10.2349853[17178,501 


7651911115786 10.2 348089 171715525 
07653674 * 10. 2346320 17164,550 
9.7655436(1610¼234456407157,594 
9.7657 197J176⁰ 10.2 342803017150, 639 
9765895717381. 234 83 17 143,691 
9.7660715] ——= 
9.766247 301756 10.2337 527117 129,817 
9.7664229]19 56110423357 73117 122,890 
9.7665985 
9.766773 901753 10.23 32261017109, 058 
9.7669492|1 75,2119-23 30508[17 102,152 
9.76701244( T7585 170 12 
9.767 2996175002327 17083, 362 
9.7674746 
9.767649 4017482323505 17074, 601 
9.7678242 1747 10. 2321758017067, 7 30 
9.767 99891746 10. 2320011017060, 867 
249.7681735 10.23 1826517054, 010 


10. 2339285017136, 750 


1754 10.23 3401517115, 970 


10. 232875617095, 254 


1748 10. 23252541708 1,478 


9.768 348001743 10.23 1652017047, 160 
9.7685223 
9.7686966 
9.7688707 1741 10. 2311293017026, 653 
9. 769044801739 10. 2309552017019, 831 
9. 7692187 


1743/192314777(17040,318 
174111 2231303411703 3.482 


10. 2307813017013, 016 


Diff L. Sec, N. Sec. 


12 O = Þ wp | QI CO 


—  ——__—________ 


7002,07 59. 8452208 


O 

ec, 411.8454950 

217010,7449+3457044], 
37015, 8984603322686 
447019,430 . 8 
55023. 773P· 545705 
617028, 1 12 2088] 

717032,46419-8471075Þ, 

#7036,81319-8473760|, 2 
97041, 163.8476444 26850 
10]7045,515]9-8479127Þ 682 
11]7049,869]9-8481810 2682 
12]7054,22449-84 $4 4.92 


NN. Tan. Fan. ' 


Dif 
268L} 


130058, 38 19.8487174½681 
Acc, 4c. 848985 52681 

157067, 3p. 8492536680 
167071, 6649. 8495216680 
1717076,02819.8497896|, 670 
187080, 3959. 8500575 


2682 


2679 


267 
197084, 7639. 85032532678 
2007089, 1339.850593 1267 
217093, 504 9.550808 267 | 
22 7097, 87 8 9.85 I 12852676 
23712, 253 985139612670 
24 7106, 6300.85 166378675 


27 


30 


25/7111, 099.85 193 12. 
| 26/71 15,39019.8521587 

7119,77219.8524661 
28/7124,15719-8527335|- 
29 71284543 9.8530008 
71 32,93 119.8532680 — 


5 
2675 
2674 


317137,3 209.8535352 — 
3207141, 12.85 38023 
3317 146,106 98540694 
3407 150, 501.8543 3652669 
3500 154,85 80.854603 4852 
3617 1 59,2.9719-8548704 


2672 
] 


2671 
2671 


2670 


2668 


7163,6989.8551372 2669 
7168, 1009.855401 2667 
7172, 509.8556708 668 
407176, 9 119.8559376 644 
417181, 3 19 9.8562042 2666 
427185, 7299-85647 08 


2666 


9228 


43190, 141.8567 374665 
447194, 554.85 70039½665 
487198, 9 7c. 8572704664 
467203, 357.8575368 2663 
477207, 800 98578031 
48172 12,227.85 80694 


4972 16,6 5c. 85833572662 
500/7221, 0759.85 800 19661 
5107225, 50 29.858 86800661 
52J7229.9309. 859134102661 
53 72345361 9.859402 2659 
547238,7 939.8596661 


557243, 2279.859932 102659 
567247,663 . 86019802658 
577252, 1019. 860463802658 
58726, 54009. 8607296 K658 
597260, 982 E 5412686 

9. 8612610 


2663 


266c 


n 
Ls 


| Co-rangents 


fo 


654 Degrees 


— 


2663 


35 Degrees 


— 


Diff. | _ Co-rangenrs | 3 M N. Sec. | L. Sec. D OY Co- ſines ( 
7688 10.1347732[14231,450|50 >. ogy (nee ogy BY e 
2688119-1545044[14272,642|59 112210, 3 310-0867 24C — 991327643 189,852 =; 
8110. 1542356014263, 81158 2112212,723 010.0868125 386 9.9131875][8 188, 182/58 
10.1539668[14254,988|59 3]12215,215|10.0869011[,, .19-9130989 8186,51257 
2637 10. 153698214246, 171056 42217, 08 010.0869898 880 9.9130102J[8184, 841056 
2685[191534295114237,362]55 $112220,204|10.0870785 837.9292 508183,16%55 
1685 10.153161 14228,561 54 6[12222,702 [0.0871672] —-[9-9128328)5181,497 54] 
2685( 1215235925 14219,760|53| 7112225,202|10.08 72 560 - 9.9127440{8179,82 4 53 
2684 10. 1526240014210, 79052 $12.227,703[10.087 3445 Mr 9.912655 1“[ł8 178,152 
2683 10. 152355614202, 20051 91 12230,207[10.0874338], = 9.912566218176,476{5 iþ 
2683]1$1520873114193,427]5o] 10012232, 7130875228 hs 9.91247721$174,801|50 
268210. 1518 190 14184,66249 11112235, 2220.087618 54 9.912 388219173,125145 
—— [I0.1515508[14175 904 48 212237 321087700 2 9-9 12299113 171, 44948 
268111015 12820014167, 153047 13112240, 4410.087790 122 9-9122099 08169, 7247 
268111 ˙⁰ 1510145014158, 40946 1412242, 758l0. 08787953 0 9-y121207|8168,094[46 
268 5119-1597464[14149 673|45 t5]12245,27410-0879685|\7 P. 91203 1508 166,4 1645 
2680 10. 150478414140, 943044 16]12247,793|[10.08805 78 95 9.91194221$164,7 36|4.4 
2679.101502 10414132, 221,3 17112250, 313 10.861472 * 991185288 163,056ʃ43 
2678 10.14994250[14123, 50002 18 12252,836|10.0882366 =219.911763418161,376|42 
267$119-1496747]14114,799[41 I9012255,301]10.0883261 25 9-9116739|S159,095|41 
2677 10. 1494069114 106, % 840 [zcſ12257,887]10.0884 150] ,7:19-9115844 $158,013140 
26771. 14913921407 05039 2112260, 100.0885052 997 9.9114948]8156, 330039 
267611914887 1014088, 7180380 22012262, 947 10.088574 (19-9 114051]8154,047/38 
2676 10. 14860391 400, 3937 23112265, 480I10. 0886845 809 9.9113155ʃ8 152963037 
—— [10.1483363[14071,367136 24|12268,01 5] 10.0887743 3.811257 8151278036 
2675 10. 14806881400, 2512270, 55 210.088 8641 459 2142 31795335 
[2674 10. 147801314054, 44344 j|26]12273,091|10,0889540ſg 4 Ye9110460 8147.06 34 
2674|12:147533y 14045,3931[33 2.7112275,633|10.089043% 2219-9109561 $146,220/33 
2673 10.1; 72665]14036,749[32 28012278, 170010. 08913390 0 9.910866 108 144,5 32,32 
2672 10. 1469992114928, 113031 2912280, 22010. 0892239017 1077508 142, 844 31 
= 10. 1467320014019, 483030 3012283, 265 10.0893 140 . 9 106 860 452135 3 
117 10.1464648[14010,80c|2c 31112285,8i9|10.089404 1 264 9.9 1053959 $135,466 25] 
2671 10. 146 1977/14002, 245028 3212288, 371010. 0894943 me 9.910505718137,775/28 
2671119-1459306 l3993,630[27 33112290,924|1c.0895845 704 9.9104155ʃ[8136,084ʃ27 
2669 10. 14566350 3985,034ʃ26 34þ12293-480 10.08y674y 903 9.910325 108134, 39320 
2670010, 1453956 13976, 440025 3512296, 035/10. 0897652 204 9910234808 132,010 a5 
76684481225 13967,852]24] |36]12298,599|19-9898556]—19:9 101444 $131,0-8/24 
2669 10. 144862813959, 2723 37112301, 16 110.0899461 905 9.9 10053908129, 314/23 
2667191445959 13950,693|22 38]12303,725|10.09003606 906 9. 909903408 12, 20ʃz2 
2668|19-1443292113942,131]21 39112306,292|[1C.0901272 my 9.909872C)5125,925|21 
266610 1440624[13933,57 120 40012 308, 86 110.0902 179 906 9.9097 82108124, 22900 
266611014 37958013925, 19/19 [41112.311,432110.0903085Þ,,v 9.90969 15[8122, 532019 
2666 10.1435292[13916,4.73118 42]12314,004|10-0903993 —$(9:999600713120,83.5 18 
2665 I0,1432626113907,934[17 43112316,579[10.0904$01 5 = 9-9095099|8119,137117 
2665 10.142996 1013899, 401016 4412319, 156010. 0905 6 10 509 9.9094 190J[8117, 439116 
2660101427296 13890,8 760156 [45 12321, 3610. 09067 190 109093281 8115 4015 
2663 10. 14246 32013882,3 580144 J46[12324,317 10. 999.27! 8114.040014 
2663 10. 142196913873, 84713 47112326, 9000 10.090835 39 911 9.90914611]8112,339]13 
2665 10. 141930613 865,342] 124 [48[12329,486[10.09094 50 2 9.9209055005118,638ʃ012 
2662119-1416643[13856,844/11 49112332,074/10.0910361 912/9:9989639 8$108,030]11 
266 110.14 1398 1013848,353 10 [$0j12334,604[10.0911273 913˙ 9088727 8.0% 34010 
2661110. 1411320013 839,869 of [51112337,256 10.912186 1399087814 $105,530] $ 
2661110-1408659]13831,392] 8 [52[12339,850 10.0913099f,,, 19-9950901 $103,826] 8 
265910140 5998013822, 9227 53112342, 44610. 09 14012 515085889 8102, 1224 
2860 143320814 8LUU[U 5423484414927 1 9.908507 3]S100,416] 6 
265 10. 14006791 3806,001] 5 55012347,645 10.09 15841 716.5084155 098,710 5 
2658010. 1398020 01379 7,551 44 [56 12350, 248 10.09 16757 516 9.908 32438097. C 4 
2658 10. 1395362013789, 108 3 57112352, 852 10.0917673 916 9908232718095, 90 3 
2658110-1392704[13780,672] 2 58112355,459|10.0918589 ! $093,588] 2 
2656010. 1390046013772, 2420 1 591123 58,069 10.0919506P 4 9. 90804940809 1,879! 
— [10.138739c[13763,819 © 6012 360,680|[10.0920424 2 ©19.907957«< [8090,170 2 
[Dif L. Tang N. Tan. Co-ſecants D L. Sine N dine NI 
54 Degrecs L 


26 Degrees 


Co-ſecants iN. TanſL. Tan. Di al 
10.2307813[17013,016]60 __ | oÞ7265,425 9.861261 1 
10.2306075|[17006,208|5 1269,87 109.86 1526 2657 
10. 230433816999, 100038 27274,3 18.861792 305550 
10. 2 30260216992, 6 1257 317278, 7679. 8620578 2655 
10. 230086616985, 825056 47283218.862 3233055 
515889,613 10.2299132[16979,044[55 5[7287,671]9-862 5887/54 
»15891,964[9-7 702601 1733110.2297399116972,271[54 607292, 12 509.8628544 
765894,3 74.7043 320173 110. 2295668016965, 5045; 77296, 582.8631195 2654 
5896,66 39.770606 30173 1010.229393 7/16958, 7440/52 8J 7301,41. 8633848 2653 
195899,0129.7707793 173010. 22922071695 1, 990081 9 7305, 019 8636500 2652 
100590, 36 1.7709 5220172910. 2290478016945, 244/50 1017 309,963 4 86391522652 
| 1105903, 70909. 77 11249] 77110.2288751[16938,504[49 11173 14,428ʃ9.8641803 2651 
| = 5906, o5 719» De 10. 228702441693 1,77 1048 12073 18, 8949.864444 2651 | 
| 1315908,20a[9-7714702|72010.2285298]16925,04.5]47 1317 323,362[9-8647105 2651 
| 1459 10,5009. 77 16426]! 724110.2283574|16918,326 7 * 73275832 9.8649755 2650 
| 115591350969. 77 18150|724[10.228185cf[16911,613[45 157332, 3039. 8652404 2649 
| 16|5915,442[9-77 19872[1722110.2280128[16904,907[44 16173 36,777. 8655053 2649 
6 175917,7879.772159301721/10. 227840716898, 208043 1917341,253 9.8657702 2649 
| 18]5920,132[9-77233 14]Z22110- 22.76686]16891,516[42 1917 3457 3019-86603 50 2648 
| 19 5922,476[9-7725033 128 10. 2274967]16884, 830041 | 19 7350, 2 1009. 8662997 647 
ö 2005924, 81909 7726751 171 10. 227324916878, 15140 297354,69 15.866 56444) 
| 2105927, 163.7728468 3 10. 227153201687 , 479039 2117359, 1749.866829 2647 
7 5929, 505.7730185 217110. 22698 15/16864, 814038 +217 363,660[9.8670937 646 
p [23 5931,847 9.773190 1715/10. 2208 100016858, 155037 2307368, 147 9.8673583 2646 2 
—4.593421 8909. 7732614|1714110.2266386}1685 1, 503036 2417372636 9.866228 45 7 
| 2515936,53019-7735327|713110.2264673|16844,857]35 17377,12719-867887 3/2045 — 
| 26\5938,87 119-77 37039 nm 10.226296 101683 8,219 * 26 7381,62019-86815 17/2244] 26 
| 27|5941,21 119-77 38740 K 10. 226125101683 1,8603; 2707386, 115.8684160 2643 26 
| 295543880 5.774459 7 10[10-2259541[16824,961132 2807390, 115. S686 804 6644 26 
295945, 8899.7 742168 5 2110.2257832[16818,342|31 290739551 15 2642 26 
305848228 9. 77438760 10.22 56124/16811, 30030 30 7399,06 11. 8692089 2643 26 
315950, 566.7745583 885 10.2254417/16805, 124 29 31 7404,11319-2694731 2.642 — 
32]5952,504]9-7747288] 70210-22527 1216798,525/28 320740 ,6 185.6697 372641 5 
n 9:7748993] 762119225 10% 733,5 2 3(7413-124]9.8700013[704! 20 
345957,577·7750697 1 10. 2249303016786, 347026 347417,633˙·8702653 uf pt 26 
(3515959,913]9-7752399] 002 10. 2247601016778, 068 5 357422,143.8705295 2040 26 
3615962,24919-7754101 1725 10.2245899116772,195124 2611420,655[9-8707933 2640 + 
37 5964,58419- 7755 801017510. 224419916765, 6290 3 717431 0 7107 2639 ws 
| »02912 431,170. 8710572 
5 38 5966, 918 97757501 = 10. 2242499 16759, 70 * 39 74355686 9. 8713210 2638 2.6 
| 39]5969,25219-77 59199] 099[10.2240801[16752,517|21] [39Þ/449:204Þ-87 1584 2038 26 
| 4015971,586]9-7760897 1656 10.2239 103016745, 9 0l20 174447241987 184.6 630 be 
| 411597 3,919]9+7762593 1696 10.22374071(6739,4 3015 11 51 123 1 5 
42 578 27704285 : 5% eee: 8) 28532770 ee * 
4315978,58319-7 705983 10.2234017116726,370/ 1 =174.58,2.9619-8726396 — 
4.4 59 80,915 9.7767676 105 10. 2232324 167198 50 12 1 a 83 2636 26 
45 2982524 9.7769 369 +4 10.2230631116713,336|15 "$17467,354[9:87 3 1668 2636 26 
46 $985,577 9.777100 -- [10.222 894c[16706,828/14 46747 1,886]9-8734302 2634 ao 
4715987,906 N 1685 1 n 1670, 328013 17J 7476, 200. 4756937 2635 1 
49|5992,565 97776120 10 2223872 [16687,345/01 0174 85,49419- 57 2 [2633 2 
505994, 89397777815 7 5 10. 222218516680, 86410 2 7 087 48382034 20 
5195997,22119+7 779501], Go 110:222049% 16674,389] 5 2117494+57519-874747C 2632 {26 
$215999,549[9-7781186|, 202110.2218814[16667,920] 8 2217499.11919-87 50102 2632 26 
| 53 6001,876 9.77 82870 1683 10.221713c|[16661,458| 7 5317503665]9-8752734 1. 26 
$4]6004,202[2-778455;|—>[12:2215447|+6655,002] 6] [5417505:21219-3755365 — 26 
5516006, 52 819-77 862.35 10.2213765|16648,55 F (7512 762058 2031 — 
366008, $54[9-778791C got 10.2212084/16642, oy 2 Bi A 2631 26 
57 6011 „1799.778959 1679 10.22 10404016635, 673 3 577521, 86700. 356325 2 1 
irn ee eee eee 8768515062 26 
el 7794030 — Dif — 16616,40] © 9© 7535,41. 5771144 26 
12 Sec. N. Sec.] | | Co-rangents. Diff [5 
— 80 = 


53 Degrees 


36 Degrees | 
[Diff DT Co-rangents 1 N N. Sec. | L. Sec. | D Os: ſines | | 
2677 21397399 13763,819 Gol | ©[12360,680 10,.0920424/—5 9.9079576]8090,170|50 
2656 10. 1384733013755, 40359 12363, 293010. 92 13421 1 gj9-907 865 808088, 460059 
2655 10.138207 13746,99458 212365, 909 10. 0922260 920 9.907740 8086, 74958 
12655 10.1379422113738,591157 3112368, 826010. 0923 180 919 9. 907682008085, 03757 
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7855,10319.8951519 528 
7859,80819.8954119] 600 
7864,51519-8956719] 600 
(12/7869,224|9.89593 19|— 


7873,93519-89619 15 


8 ee 


787 8,549 9.89645 17.885 
7883,364|9-8967 16595 
167888,082 9.89697 14 * 
177892, 8029. 89723 12 — 
7897,5249.8274910 
19796489. 597750% 850 
7506,97509. 898010487 
210791170309. 898 27c0 _ 6 
2217916 ,434|9-8985296|722 
792 1,167|9.8987 $92 * 
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321796 3,86219.90112.37 4 | 
3307968, 6 179.9013830 2592 
34 797 5374 9.916422 591 
3507978, 134 9.901987 591 
3617982,89519.902 — 71 
3717987,059]9-9024 19512 541 
3807992, 42509. 9026780 590 
397597, 1930.909376 590 
4008001, 96 30. 903 1966 559 
41 8006,7 36 9.9034555 2589 
4288011811 8321445 
4308016, 2889.903973 3 588 
441802 1,067 9.904232 12589 
4518025,84919.9044910 2587 
46,80 30,6329. 9047497 2588 
4208035, 418%. 90500852587 

88040, 2069. 9052672 TIT 


4918044,99719-9055259]2 586 
5c13049,790[9.9057 845[2.526 
3118054,584|9.90604.31]2 586 
55248059, 3 829. 906 3017 2586 

53 8064, 181 9.906 5603 2585 
| 54 $068,98319.9068188 2585 


5 51807 3,7 $719-907077 312.584 
$018c78,59319-9073 35712 584 
$718083,40119.507 594 io 584 
5888088, 2 1209. 907 852502584 
5980930259. 908 11094 583 
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Dig —̃̃ — N N. Sec. L. Sec.\n | _Co-lines L 
ie. 107 192127997416 12690, 182 e 9.8565321[7880, 08 
* 10.1069298[12791,745 1112693,067[10.1035666| "$219: $96433417878,316155] 
* 10. 1066694127 84,079 2112695,955110-1036654] 58999. 89633467876, 524/58 
1 10. 106409112776, 419 312698, 84510. 103 7642 98 9.8962358 7874,73 251 
p 10. 106 148912768, 765 4127013710. 1038631 00 o(9-8961369 7872,93 954 
* 10. 1058886012761, 11605 512704, 632110. 1039621 990˙59603 79 787ʃ,145555 
— 10.1056285112753,473 6112707,529110-1040611|—=[9-895938917869,3 50154 
602] 101053083] 12745,835 7117 10,425[10.1041602] 50. 19-8958398/7867,555/50 
* 10.105 108212738, 204 812713,33 1010. 1042594 992 8957406 5867505 
500J10˙ 1048481 12730,578 9112716, 235/10. 1043586 99217" 89564147863, 963051 
5001. 104.5881]12722,957 10[12719,142110.1044578] 99 219-895542217862,165 

5 10.104328 127 15,342 12722,052J1· 10455710 9 9.895442 97860, 367 
910. 1046810127072Z23 1212724963010. 10465650 22419-$953435|7858,569/# 
599 10. 103 8082012700, 1300. 113112727,877110.1047560 <7 9-89524407856,770 
2599 10. 1035483 12692, 532 14 12730, 794 10. 1048555 995 9. 8951445 7854.70 , 
599/10. 1032884012684, 940 15112733,712[10.1045550| 997. 850450 785 3,169 
59810. 1030286012677, 353 16012736, 63410. 1050547 70193949453 7875288 


yo 10.1027688{12669,772 I7112739,557|10.1051543 — 9. 894845707849, 566 
2810. 102 50012662, 196 18112.742,484[10.1052 54 1{—= 19:89474 59[7 8477644 


2597 10. 1022493 12654,620 


1912745, 412010. 1053539 9.89464611784 5,961 
7110. 101989612647, 062 


2012748, 343,0. 10545 37100 9.89454637844,157 
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qi 10. 1017300012639, 503 39] 21112751,276110.1055537 999.0 89444637842, 352390 
0G 10.1014704[12631,950138 22012754, 212 10. 10565 36 1001 89434647840, 547380 
eto. 1012106 12624, 4023) 23012757, 1010. 10575371001 5˙8942463 7838.741037 
io. 1009513 12616,860]36] [24[12760,091 1018883808158. 894 1462/7 836,935/36 
6+ [0.10069 18 12609, 323035 2512763, 034/10. 1059539 100319: 8940461 7835127 3 
$595110.1004323 12601, 792344 [26112765,980|10.106c542|, ,,219-3939458|783 3.32034 

7 410. 1001729112594, 26733 2712768, 2801010615440 100 4 89384567831.511ʃ3 
1 19.99991 35 12586,747 24 28112771,878]10.1062 548 1004 9.893742 7829, 7020324 
y YH10.0996541112579,232131 2912774, 83 110.1063552 1004 893644807827,892ʃ3 
993 10.099 3948012871723 30[12.777,787 101064550 Ge S444 «8935444|782.6,082|30 
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— 10. 99 1355012564, 2199 31[12780,744|10.1065561]; 619-85 3443907824, 270 
F 10.0988763]12556,721128 32 12783, 705 10. 1066567]. 100 9. 8977453 7822,459 
125 8110.098670[12549,225]27] [3 3112.786,667110.1067 $74) 4607/99 32420/7820,646, 
_ 10.0983578]12.541,742j26 34/12785,632|10.1068581 icon?” 893141907818, $33; 
39 10.098098 12534, 2005 3512792, 600 (0406958 


9.8930412|7817,019 
— o. og 8396 12526,784 4 36112795,570]10.10705 10e 98929404 7815205 25 
72 10.097 3805112519,313[23 37112798, 543010. 1071 605; 10195 8928395 7813,39 


1990 10.C973214j12511,848122 | 38 12801,518| 10.1072615].. 1019+ +8927355|7811,574 
10.0970624412504,388j21 39112 804,495[10.107362 5]; , 10/9-8926375 7 809,757 

19965715 12496,933 _ 40012807, 475/10. 1074635 0117 892536507807, 94 

10. 965445012489, 48419 4112810457 10.107 5640 10125 89243547 806, 123 

— 10.096258 56 12482,040 18 420128 13,4420. 1076658 — 9. 8923342 28042304 


5 10. 096026712474, 02017 43112816, 430110. 1077671 9. 9. 8922329 780485 

2689 10. 095767912467, 16916 4412819419110. 20786841013 8921316 750, 665 

2580 10. 955092459, 742015 45012822,412010. 1079697101 409. 892030307798, 84511 

2588 10.0952503 12452,320114 46012825, 40710. 1080711 1013819270 79704 14 

2567 10.094991 511244490313 47112828, 404010. 70817260185. 8918274 77982213 

Ty 10.0947 328[124372492112 48112831,404/10.1082742 1676. 2285 8917258 77932380 12 

880 10. 09447412430, 086l1 4912834, 406 10.108750 1016 9.89 16242 77912557) 11 

386019.942 1550242255850 50 12837411010. 10847740101 807·89 15226007789, 3300 

7585 10. og 39569 12415,290] 9 51112.840,418 10.1085 79 10179 891420807787,905 9 

5861.093698 312407, % 8 5212843542810. 1086809 101917 8913191 7786084 8 
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2584 10.0926643512378,393] 4 56112855,492{10.1090887 162 119-3909 113 777847771 4 WIT 

15g, 110.09240590 12371,030| 3 57 1285 8,5 1410. 109 1908 dene 9. 8908092 7776,94 3 th | 

1584110.092 147 5012.363,672] 2 58112.£61,539[10. 1092925]... .19-890707 107775. 120 2 11108 

58310. 09 188912356, 19% If {59112 864,566 10. 1093951 1023128906049 77733290] 1 | "| 
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7 10. 2011282115890, 157 50 E 8097,84 9.908 3692 8 ene 
7 15 10.2009 722|15884,452[59 IIS 102,589. 908627 5/258; 25830 
18880 %00816f015878,7 528 281047809. 90888582583 2583 
997993394]; 1559 10.2006606]15873,058[57 31$112,30c[9.9091440 2582 25820 
9799495111556 10. 200504915867, 369456 418117,12419.9c94022/-502 2582. 
9-7996507|1 55 of 1220993493 15861,685|55 5J8 121,96 19. 096603581 2581], 
9-7998062}=— |10.2001938115856,007154 618 126,7 8009. 9099 185882 25820 
7 97559616 7,4110-2000384/15850,334]53 713116. 2581], 
9.800169], .c2110-1598831115844,567152 $18136,444[9.9104347]-581 2581], 
9˙800 7210551 10.1997 279]15839,005 51 9814,80. 910692 9/258 258 |; 
9.80042.72 1551 10. 19957281 5833,348 50 11008 146,1 1819.9109507 250 258, 
9.805823], co [19199417 711582.7,697 1 9 110815098809. 9 120582580 
98007372 iT 10.1992628[15822,051148 12]8155,801[9.9114666[2579% WM [257-1 
9. 2.800892 1 THe” 10. 199107915816, fi; 7160,64 609. 911724828579 25791} 
00j9.8010468), 10. 19895 320158 10,7646 1448165,49309.91 19824] 2579 25741 
9. 30120150 1546 10.198798 5015805, 146045 1518170,343]9-9122403|-575| WM [257: | 
9.8013561],c1. 10.1986439]15799,521[4.4 16]8175,i95/9.912498 11-57% 2578]; 
9.801510601843 10.1984 89415793, 90243 1708 180,049 9.9127559 2578 25780 
| g&$016649]—=[10-198335 1115788289427 1$18184,905[9.9130137|-57 25781, 
9.8018192 * 10. 1981808157 82,6804 19 5189,764.9132714½ 57 2577]; 
9.8019735 1541 I0.1980265]15777,077140 2008 194,62 59.913529 157] WM (2577); 
216340, 599-802 1276 5019.1978724 1828747 39 2113199,48819.91 37868 _ 5770 
226342, 808%. 90226161539 TY 1 38 [22]8204,354 91404440570 | 4 
2306345, 579. 8024355 1539 10. 1975645] 1570, 30037 235209, 2229.914300 1 ud [3 
2416347305 980258947747 10.1974106115754,7 18136 24132 14,09319-914555,61-2/*| MI [5570 1 
256349, 55309. 8027431 1337 10.1972 569115749,14 1 35] 2518218,56519.9148171 44 575 
26063 51, 80009. 802 89680 536011971032 15743570134 268223, 8409.9 150947 43 WJ [257011 
2716354,046]9-8030504/1 534 10. 1969496 127715 33 27 227 809.9153322 1 —575ſ0 
28163 56,2929. 8032038 1534 2 5732.443632 2818 2335976 9155896 A. 4 I 
29163 58,53719-803357211 c3 2110-1966420115720,687131 2915235479[9-91584711, 250 6575/5 
396360,782|9.8035 105/72. [10 19648951157214337Þ0) [3c[$2433649.9161045j7 | WY [jt 
3116363,026]9.8036637|; c21110-1963363 157 15,792.79 5105248,25 1% 9:9163618] 572 55 10 
326365, 2709. 8038 168 1531 10. 1961832157 10, 25228 3208253, 140 99166192101 | ney 10 
3366367, 513.8039699 1529 10. 1960301 28 27} 331$2.58,03 109.9168765 2573 44 10 
3446 369, 7569. 804 1228 1529 10. 195877215 99, 18826 3408262, 925 99171338 1 4 bt; 10 
3516371,998|9-8042757|; ;25110-1957243115693,664[25 3508267, 82 109.9173911 1 ie 
36637424009. 02428452) —12 2168888514544 36027222219 .9176463½ 2 MN [<1 
3706376481 9.045871] 52 :[10.1954189|15682,631/z3 182.77,62<|9.017005 1297] 721 

376,4 4 1525 5 3 „917955572 2572 

396378,72 10.8047 3360152501. 1952664½ 56771232 38882 82,52 39.9181627 25711 571ʃʃ0 
39638096 10.804886 1152410.1951139 15671,6 19 1 39ʃ8287,4299.9184198 1 5 2571010 
0 6383, 2010.80 50385 1523011949615 +5955 40]8292,33719.9186769], 7. 1571ʃ⁴0 
4106385, 4409. 805 1908 1522 10.1948092[15660,628[19 41 $297,247]9-91 89340], 21 WM ic 
4216387,67819.8053430|— 57 10.1946570115655,141118 42[8302,16c|9, 22215 1555075 
4316389,916|9-80549511152 1 11965049 Loot Þ 17 431$397,075[9.9194481 * ni Ic 
146392, 153098056472 15191094352 1 - [ 44/53 11,99219 9.919780 2570 2570018 
45 6394, 3909. 8057991 151910. 19420915638, 708f15 4583 16,9 129.9199621 99 — 2579010 
466396, ö 2609. 80595 10 1517] 1940490 15633,241[14' 46|3321,834[9.92c2191 4369 2569 10 
479398, 86209. 806 1027 1517 10.1938973115627,779 13] 4708326, 58. 9204760 2569 WM [2559 10 
Steir. 82844/1516 4932482232212 48 $331,68610.9207325|—- | Fr 
$$916403,3 3209. 8064060 15150193594 15616,87111 4918336,615 9.920998 15 236810 
5006405, 5669. 80655 75 1514111934425 15611,424j10 5008341,5479. 9212466 2508 2508,10 
5106407, 799 8057089513 3 D 2 $115346 48119.9215034|2 5,8 2368015 
$2464 10,0329. 8c 86 1512 l 15600, 546 8 5208351, 4159. 9217602 2:68] WM [2568 10 
$315412,264[9.8070114], 5120119298 65595.11507 5303356, 35709. 9220170 2867 256718 
246414496 N.807 1626 H 10.1928374j15589,689] 6 $41$361,29810.9222737 2567 2567 i 
55064 16, 7289.807313 1810 10. 192686415584, 2680 5 5508366, 24200. 922530456) 25670. 
5606418, 958 80746460 150 10.1925354|15578,852} 4 $618371,188[9.922787 1 * 2560 50 
| 6421, 189 8076154 1508 Ain 11 3 57 8376, 136 9.C230437 2567 2567 10 
5864234189. 807 7662 1507 10. 1922338015568,03 5 2 5888381087 9.923 30⁰4 25006 256610 
551642 5,647|9-8079169]. 1506 10.1920831115562,634] 1 $5]8386,c4119.923557c|, 565 256500 
6c[642.7,876]9.808067 5|=—10.1919325115557,238] © 6c 835099969. 9238 135|=—" big lo 
d-fines Dil L. 5 Sec. N. Sec. M | Wa « Co-tangents if! — 2.5 
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Git — CGo-rangents * NN N. - dec.| L. Sec. Dif. ___ Co-tines | | 
3 10.0916308[12348,972 30 C 12357,596 10.1094.974|——-|9.85905026 177-46 [> | 
75550517725 123402955 111287628010. 109579 Wa, 9.8904003|7 769,62: [5 
2582 THO TIT 423123 349292158 2112873 66: 10. 109701 1025 9. 8902979 1107:7971S: 
2582 10.090856c[12325,961[5 3.12876, 0 fo. 109804 1025 9.8901554/7765, 9055 
2580 10. 905978123 19,634 = 4+112379,740[10. 109907 1 102619" 8960429 7704, 1; 32 I. 
* 140.0903397 12312,3 13/035 51288278210. lic ß 1020 88999037762, 25 808. 
—82 10.050081 5 2304, 997 54 6 12885,827}l0.1101 122 9. 88988777 / 760.46. I. 
47 bo. O89 823. 12297087 33 712888,8 75/10. 1102150 102716 0897650 7755625 50 
258 10.895853 12290, 331 = 8 12891925 110.1103178 tc2 89: 3 2565794 55 
1580 [0.0893073]12283,081|51 912894, 977/l0. 11 Ac 102905 90995794 775957 TT 
* 10,0397 ;93 12275, 78650 10612898, 032010. 1105235 20 9. 8894765 7753, 2150 
810.0887913 12268, 49649 11125, oo. 1100264 29.889373 927515283 15 
— 10.088 5334012261, 211048 1212904, 1500. 110729. 10309 5827067749. 44504. 
1385 10.05527535]2253,932/47 13j12907,213[10.1108325 2 889167577 
4 10.0880176[12246,658|4.6 11291, 278ʃ½10. 1109350015, 988. 86.40 77457070 
2578 10.0377597112239,389[45 I5112913,346110.111038% 3 G 88 56127743, 265 
2578 10. 0875019 12232,12 5144 Io[12916,416|lO111142c}, 2 198: 885 do 7742, 0864 
ee ne +3 1 7[12919,489|10.1112453 1054 9848877 7740, 23442 
22 110.0869862 122176013142 IS${12922,564fI01113487 . 080513 7738,402[42 
cdl [0.0807280]12210,304/41 I9[12925,642|10.1i14521 1034/0 8 885479 1730,559}++ 
577 10. 08647012203, 12140 20/12928,7 2310. 1115556 187609. 98844447 4 1% 
57710.0862132 12195,883039 2101293180810. 1115382 182. 030340017 17324872135 
_ 10.0859556]12182,6 50138 22[12934,852/10-1117628| |©320.8882. 3721773 1,02 755 
5 110-085598c[12181,422(37 2312937,9 80010. 1118665 9579 8881855772971 237 
Ihe 10.085 4404 12124199036 24012941, 1010. 1119702 18370. —— 882 772.7,336|30 
1272110.-851829112165,982/35] 5 12941640101 120740 1569.87 260772548555 
257 10.0849 253012 159,769.34 2601294760010. 112177 29 /9-887822117725,042/3 ; 
175[10.084667812152,56233 7112950, 359/10. 1122818 839.8877182 7721,33 
nth 10.0844104 (12145, 35932 2812953460110. 11238586 8409.8876 142ʃ77 19,4502 
2575 10.0984 1529 I2138,162 31 29 12956,564 10. 1124898 9499.88 5102177 18,096 31 
2374 (10.0838955112130,970[30 30112959,670[10.1125939]\<77;,9.887. 4061177 16.2 Ty 08 
ob, 10. 08363 52 12123,78325 31112962,77+|10. 1126981841209. 88736 19 7714, 39502 
740.083 808,12 116501028 32 12965,89C 10. 112 802; 0 129. 88719777712 2544120 
44 10. 883123512109, 4247 33 12969, 004 10.11290GC 10125 88709 77 10, 
4 10. 0828662012102 25226 3412972, 121010. 11301100879. 466557705. 84020 
2/5[10.0826089|12095,085|25 35112975,2q4c|10.1131154|2*4.9.83628,617706,9. 6/25 
10.082351) [2087,924|24 3511297$,362[10.112219c|*045; 0, 267801 285,132 
972 10.0320y45]12080,767[23 37 12981,4$7]10.11332.42 108 94989675617 703,278|23 
Leo 1[10-0818373 12073,615]22 3812984,614/10. 113429 0 9.8865 7107701423 BY 
2518158022066, 6 81 39112987,742[10.1135337 bolt 9-3804663/7099, 5075! 
2571 [090813231 12059,327 0 40012990, 876110. 1136384 104.8863610 7697, 1c _ 
1, [0.08 1066012052, 190019 412994, 11010. 11374320 48 9.886268 7695, 8551 
— |10,08080%gf1204.5,058 18 4212997, 801.1138481 18499. 8861519¼½7ꝰ7693, 99618 
945 10.080559 12037,934|17 43/113000,288110.113953c 944 886047007692, 137/17 
2570 10.0802949[12030,81c|16 44/13003,431[10.1140580 1050 885942007690, 278 * 
2570 19.0:0037|12023,693|15 45013006, 57610. 1141630 og e 7688, 41815 
2569.797809 2016,581014 4613009, 724010. 1142681 ore?! 8857319J7686, 558014 
2559 10.0795240[12009,475|13 +7113012,875[10.11437330 2219: -$$56267[7684,697|1 3 
— 10. 07926711 12002,373]12 48[13016,028]10.1144785 77 9.98855215 768£2,835 12 
10.0790102|(1995,276|L1 13019,184[10. 11458380185 39.88 54162680, 97501 
me 10.0787534|i1988,184|10 & 3 18114689 OY 9.885310917679,11c{10 
2568) 12:0754966|t1981,097] of [51[13025,504/10.114794+ 1038/9 $852055|7677;2461 9 
2568 10.0782.398 11974,015 8 2 13028,667 10.1 IA oo 1055 9.885100 76755382 9 
2567 10.0779830[11966,93t] 7 53113031,834{10.1150055] 2219: -8*49945] 673,517] ; 
865 10.0777253111959,866| 6 4413035, 003010. 1151111099. 82488817671, 3 
el '0.07740S0[11952,799] 5 55113038,175/110.115216* (05719.8847 8847822766957 85 7 
2565 10.0772125 [1945,730] 4 50113041,349 10.1153225 209. 9846775 7667.91 : 
2567|19-9759503[11938,675] 3 $7113044,526|19.1154282 10588845717 7566,51]; 
2560010. 0766 9961193 1,626 2 58013047610. 1155341 1080P˙ 8844059704180 2 
2565] $-976443111924,379] I 55/3050, 88 810.1156401 Or 191843599] [662,314] 1 
—110.0761865 11917536 © 6011 3054,07 310. 115746008 5 824440 
Diff L. Tang IN. |. Tan. M | QCo-ſecants Di L. Sine N. Sire. 
50 Degrees Mm 


40 Degrees Ee 


2 


49 "Degrees 


— 


N dine] L. dine Di + _Co-ſecants | - -| | 9238135 — 
— : — [(0.1919325}15557,2.3ÞC _$390,990 —— 2560 
_©15427,87019.808067 5 1505|15:1917820)1555l,848)5 118395,955]9* 9 256 
I 6430, 104 9.9082 180 1504 N 15546, 462 58 2 3400, 91 Ye 2 I 2.56 
216432433219.8083034\ 804 10.1914812115541,081 6485,87 mY 56565 
3$15434,559]9-2085188] 502 10. 19133 1001853 8.706 448410, 440 28006 2564 
4]5436,78519-£036090)} £02 10.1911802 15539,335 $1841 5,81 — 524/84 
515439,01119.80851921 500 10. 19 10308018524, 970 6]8420,78219-9253524)— 256g 
616441,22619.bodgooai——flo.19 020% 71842 5,75519-9256084 120 
P 10. 1908 808155 19,6 10 4 258652055 
e ee e, eee 
pad ; 149*%H10.1905811 15508,904 81 5 263778 - 
96447, 90909. 8094189 1497] 2 > 1018440,68819-9203 2563 
1016450, 132/9.8095686] 4c waſps fe rat 11]8445,57019-9266341}, 5; 
Le 308678 951.19 132201839 27882 eee 2562 
12 $454,577[9-8098678|— 1494 101899828 15487,552 13]1$455,643 2.947 1460 2562 
1316456,798 arp} 1494 10.1998334 15482, 220 1448460, 63 39.927402 2562 
1415459,01919.8101666\* 1493 10.1896841 15476,906 1518465,62.519-9276590|, - 
15 rA 639149100. 1895380545 1.596 18 N. 93211713656 
165463,4609.8 10465041015 8 1719475,01719» 2561 
1715465,6799. t 1185 e 8 1 $184.80,61719-9 a 
1806467, 89809. 8107631 dee a eee 1 _y 1918485,61919-928683 5 256. 
1906470, 1169.8 109 121 1488 n 15450,378 2008 490,6249·92 89 396 86. 
20164.72.,3 349-81 10609 1487 10.1887904[1544 5,087 2118495,631 AC, 256c 
2116474,55119.8112096| ,. 10.1886417[15439,$01 2208500, 6409.929445 10], 560 
226474,78) 81138837486 lo 1884931 15434, 520 2308505, 653 9-9297070}2 56c 
278643898. 4 1488ʃ10.18834 461 5429, 24430 20455 10,60 19.9299030 2559 
[24/648 1,19919.811 — 1145. 1881962075423, 97; 25085 15,6840. 9302195½ 560 
251$453,41419.31 18038), [4 110.1881 791134.18,706 2618520,704|9:93047 55], 5c 
12606485, 62 809.8119521 1482 ie 15413,445 2718525,72609.9307314 2558 
De ee neat odd 44 28]8530,7 509493098721, 55 
> ES VT ay bb ee DN 
1 br e 15397,690 3012542:80719-93 14989] 58 
INES: HT 1479110.1873077 15392,449 3118545, 8399. 5317547553 
14678.0812855701475 10-1871599[15387,212 32585873. 20 1855 
32679 8,03 9.812.8401 1477],0.1870122 153$1,980 3308555,9109.9322662½559 
216554424, 7776ſ0 1868646]15376,752 54450899. 25220½557 
3466503,3249.8131354 1475 Ar 15971 £20 35 9565,9929.93 277772555 
35 6505,33 e 1474 10.186569) 15366,3 13 36 857,037 2382580 
3615507,742[9-8134303 147 elsa; 19361, 100 f; 37085 76,084.93 32890550 
3719509,95119-8135777|, 5; 10. 18627501 $355 892 13818581,133}9:9335446|2 557 
$905 2,13 HeB137250 10.1861279]15350,689 [39155 86,185}9.9338c03[2556 
2 de vet FE bi 1859808[15345,491 1359 1,24019-9340559|2.555 
49105 16,5729 Og 147%}10.1858338]15340,297 [+25596,29719-9343114|2.556] | 
1468520 82437310, l le. 1856869 183385109 b ce eee 5 
121252094 DE 146970 1855400 15329,925 4308606, 419,9 9;4zaS¹⁹½¹e 
4306523, 1899.814450 1471101883933 1532.4,746 [+4556 11,484]9.935078c|.;;; 
446525539419 81460671467 10.1852466[15319,572 4508616, 55 19.935333 2859 
+519527-5939:3147534\1465 10.1851001[15314,403]1 . e <4 IO 
46 6529,801 9. 81178525 1465 10. 1840836 15309, 239 47 8626,694ʃ9 93584440 2554 
3j) (FF Read ds ee erz, 
4588834205 SED 1462 To.1846609[15298,023 4908636, 8469. 9363 5520553 
19 65 36,408 9.8153391 1463 10.1845146 15293,773 50 $641,526 , 9366105 2554] | 
5055 38,5099. 9154854 1461 10.1843685 15288,627 5 11864 7,004 [9.9368655 2553] | 
5115540,810]9.8156315|, 1c 10.1842224115283,485| 8 5218652,09419.9371212/> coal | 
£2 6543,010[9. 8157776 1459 10.1840765 15278,351 5318657, 18 1% 937376512553 
E 9768656 1459110.18393c6|15273,219] 6 — 
NN 119781837878 782 15268, 3 558667, 365.9378875 52 
5 5 6549, 5059. 8162152 1457 10.1836391 15262,971 56 8672, 4605 9381423 2552 
[5}6551,804[9. 11 78 1457]10.1834934/15257 854 $718677,558]9.9383975 2.552] | 
570554. 020. 0163008; 1401833475 15252,741] 2 1535[8682,65919-938652 7/2 5.52. 
5 6850,355.76557l785 10.1832025[15247,634] 5986377620993 89029285 
sss 8.167975 1454þ10.1830571[15242,531 e. Pg 
6<[5560, 5200.812429 Tee = Pagen (Dif 
1 Co- ſines L. Sec. X. . | 


8 40 Degrees 1 
Diff. _Co-tangents 1 | IN. Sec. | L. Sec. Dil Co- mes T 
GG 10.0761865 11917,536|60 'S (305497 3[19-1157460}—— 9.8842 54.© . 

6511. 07592991 19 10,4985 1113057261010. 1158521 88 76: | 
2 85 10.07 567 34: 11903,465 58 2 N. An * 8.884048 — 
2565 10.07 54169]11896,437]57 3113063,644|10.1i60643 [061 9.88393571765 '; . 
2564 10.075 160411889, 41456 4/3066, 83910. 1161706 542 K41849 6885 5 
2564 10.0749 0401882, 395/55 511 3070, 3810. 1162768 1062 9.8837232 7651,08 
25 10.0746476011875, 38254 613073,239ʃ10.1 163832] 20S 9.8836168 8 85 

10.0743912[11868,373|c2 7113076, 2110.1164896}. 2419.8 
— 10. 0741348011861, 369 5 8 1 10.116596 1[165 e | 
[2563 10.0738785[11854,370[51 | 13082,858[10.1167026 1065 9.8832974 6435 * 
286 10.07 36222, [1847,376]50 1013086, 6910. 1168092 1060 9.8831908[76 . o 
[25$62119-0733659]11840,387]4o} |11113089,284[10.1169155 _ 8830841 7639;533 5 
(=—2110973 10961183 3-402148] |12113092,501h10.1170226]——2]p-8829774 7637,960/4 
2652 [0.0728534|11826,422[47 13]13095,72.0]I0.117 12g4 9.882 870617636,082 
2562 1007259721819, 44745 1413098, 94310. 1172362 1088 9.882763 807634, 204 2 
-,(10.0723410[11812,477]45] 15013102, 168010.1173432 5705. 382656807632 325 
10. 0720848011805, 12 44 16113103, 396010. 1174501 1065 9.882499 7630,44 5 me 
10.07 1828711798, 55043 17113103, 62 610.1175572 = 9.8824428 7628,564 43 
2 (27922895 42] [18113111,860[10.1176643 2 882335717620,683 42 
10.07 13165ʃ11784, 644/41 19113115,09 510.11 882228576 
10.07 10604 11777,698 * 20 1 1 AA 1072] $821213 D — 
10 07080 4411770, 756 39 2113121,575/10. 1177860 02 9.8820140 7621,036 39 
10.0705484]11763,820[38] 2213124, 82010. 1180933 1073 9.8819067[7619,1 52138 
10.070292.4|11756,888}37] [23]13128,066}10.118200 107 519.8817992 7617,268|37 
10.0700364|11749,960 36 2411313131610. 1183082 246.88 16918 7615,383 36 
16.5697 0517s [z5[13134,568/10.1184158}, 7 -05-8815842/76 35 
10. 0695245011736, 120344 [6 1 182183834 "eg 58814766 5677722 3 
10.0692686]11729,207j33] [27[13141,081[10.1186311 "oF 9.881368; 5609243 
10.090128 1722, 29832 28113344,341]10.1187388 107% 9.88 12612 7607,837 32 
10.0687 569[11715,395f31] [29113147,604{10.118846c 10) 86.881 1534/7605, 94931 
[10.0635011111708,496}30 30[13150,870[t0.!1189545 29 2 88 10455 7604, 600; 
10.06 82 453011701,601]25 331[13154,139|10.119062. 1919.88 6176 29 
10.0679895 11694,712 28 32 1 * 870 2 0 9908290 5 20 
10.0677 338811687,827 7 33 13160,68410. 1192785 0 9.8807215 7598,389| 27 
10.0674780[11680,947{26] 134113163,961[10.1193866 pe; 9.5806 134/596, 49826 
10.067222 3011674, 71251 35 1316724010. 1194948 10821 9. 88050527594, 6o6 IZ 5 
10. 066966611667, 2004 36 131705523 10.1 196030 — 1.880397c|7592,713[24 
10.0667 11011660, 3343 37 13173,808|10.1197113 pos 9.8802887]7 590,820ſ2 3 
10.0664554[11653,472Þ2 38113177,096[10.1198197 - 49.8801 803 7588,026|22 
10,0661997111646,615ÞR1} [39113180,386|10.1199281 3 9.88007 19]7587,03 101 
. 11639,763 RO 0 13183,680 10. 1200366 1805 9.879963 47585, 136020 
19.06 5688611632, 91619 ff 3186, 97610. 1201452ʃ1086˙ 879884807583, 24019 
S 11626,073}18 42) 1 3190,274|10. 1202538 9.879746217581,343}18 
10,0651775111619,234}h17] [43]13193,576110.120362 5 8 | 
10.0649220 116 12,400 16 ++ 12192 381 i _ aries. mM is 
10.0646665}11605,571}15} 145 13200, 188] 10. 12080! 45 9.879419917375,050j15 
10,0644111]11598,747 14 4+6]1 32c3,498[10.12.06890 8895. 87931107573, 751 14 
10.641556 1159192713 47113206, 8 10010. 1207979 10916 87920210757 1,85 1013 
10.06 39002 11585,112 2 48013210, 126010. 1209. [9-8790930[7569,951]12 
10. 06 3644811578, 301 4913213, 444/10. 12 10 rc i- 87898468, os 
10.06 3389511571, 49 ff 50132 16,765(0. 1211252 1052 87887487566, 14810 
10.063 134 1011564,693 of 51013220089 10.212344 Os ).8787656}7 564,246 
10.0628788|11557,896] 8 52 1322.3,416|10. 1213437093 878656317 562,343 
J0.0626235|11551,104} 7 53 1 88 10.1214530}1 09419 .$785470[7560,435 
-==2[10.062 3682 [ 15444316} 6 54 3230 — rrp 87843767588, $35] 6 
10.0621129]11537,532} 5] [55113233,413 10.1216719h,004 $783281}7556,63c} 5 
10.0618577]11530,7 54f 4 $6113236,750 10.121 8t4}1096 9.8782 186}7554,724| 4 
10.0616c25|11523,979} 3] [57113240,091 2 109619 +$781090[7552,818} 3 
10.06 13473011517, 10 2] j58113243,435\10.122c006þ,.o gl9-37 79994 7550910 2 
10. 06 109210115 10,4450 1 59 t13246,781110.1221104 10515 877889617 549,004} 1 
7 10.0608365|11503,684] of [60]13250,139!to-1222201}|—19- 7547,096] © 
Diff] L. Taug] N. Tan. Al AN | Co-ſecamts itt] L. Sine N. Sine E 
þ 49 Degrees Mmz Wy 


4 


0 

» Gy 

— N 
0 
w 

— 

2 

— 


41 Degrees 


— 


N. Sine 
5560 59C 


L. Sine | 
28169425} —— 


6562,785 
6564, 980 
6567,17. 

6569,37 


9.8170822 
98172335 
9.817385 
9.5175235 

9.317668, 


520.3778733 


965 80, 320 
1065825 516 
116584, 700 
12. 656, $95 


9.817958 


59. 8181029 


98182474 
98183919 


9.8185304 1 


9.8186807 


13659 755 
446591271 
15 6593,458 
16 55955 645 
76597583; 
L$166=c,017 


9.818825C; 
9.818965: 
98191133 
90192573 
9.8194012 


20;0604.,3806 
6606, 570 
22:0008,7 54 


19{6602,202 


23106 10,930 
2466613,119 


9.8196889 
9-5198325 
9.819776 
9. 8201190 
9. 8202030 
9. 8204063 


4 

42 6658. 817 / 
46.6660, 987 
47(6663,156 
48 6665,325 


4916667,493 
50/666 9,66 1 


51/6671, 828 
521067 3,994 
53 6676, 160 
54; '6678,326]9. 


2506615, 300 
26066 17,482 
2766 19, 662 
2806621,842 
296624, 022 
3006626, 200 
311662.8,375 
326630, 557 
6632,33 
346634, 910 
356637,087 
360663 9,262 
3706641, 437 
38.6643,612 
39 6645,7 85 
406647, 959 
| 6650,1 31 

42 6652,30. 
436654, 475 
46656; 646 


9. 8205496 
9. 8206927 
9.8208358 
9.8209788 
9.8211217 


9.8214073 
9.8215 500 
9. 8216926 
9.821835 
9-8219775 
9.8221198 
9.822202 1 
9.8224042 
9.822546 2 
9.8226883 
9.822 8302 
98229721 


9.8231138 
9.823255 
9.823397 
9.82353 86 
9. 82 36 800 
9. 8238213 
9. 8239626 
9.8241037 
9.8242448 
9.8243 858 
9. 14128557 
8246676 


5506680, 490 


5616682,65 509. 8249490 
5716684, 818.8250896 
58066 86, 98 19.8252 301 
5955689, 144825370514 


9.82 48083 


6⁰ 6691,30619.82 55109 
Co-imes | 


79545001 


9.821264 f 


1453 
1452 
1451 
145. 
1450 

44 

i $46 


Dif 


10. 1830571 


10.1329118 
10. 18276 
10. 1826215 
10. 1824765 
10. 1823315 
10. 1821867 


Co- ſecants as 
I 5242, 531 Js 


15237433 
5232,33 


15222, 160 
15217087 
15212012 


10. 1820419 
10. 1818972 
10. 1817520 
10.181608 
10. 1814636 
10. 1813173 


152C0,942 

$201,607C 
15190,015 
L5191,759 
15 186,70 
5181,66! 


10.181175 
10. 1810308 
10. 1808867 
10. 1807427 
10.180598 


10. 1804550 


101803112 
I0.1821675 


-|10.18CO2 3G 
10. 1798804 
3 10. 1797370 
„1.1795937 


15176,019 
15171581 
15166,548 
15161520 
15 156,496 
15151477 
15146 462 
1514 1,452 
15130,447 
t5131,440 
15126,4.50 
[$I21,45% 


10.1793073 


10.178878 
(0.1787 354 


10.1794 504 


10.1791642 
10. 17902 12 


15116,472 
15111485 
15 106,511 
15101,538 
15096, 569 
[509 1,605 


10.1783074 


I[0.1761787 
I0.1760374 
10.1758963 
IO1757552 


110.17 56142 


101754733 


1.175334 


10.1785927 
10.178450 


110.1781649 
10. 1780225 
10. 1778802 


10.1777375 
10.177 59506 
I01774537 
I0.1773117 
10.377 1698 
10. 1770279 
10. 1768862 
10. 1767445 
10. 1766029 
10.176614 

10. 176 3200 


15086, 645 
15081690 
15076,739 
15071,793 
15066,852 
15061,915 


15056, 982 


15047131 
15042,211 
15037297 


15027, 481 
15022, 5 80 
15017,683 
15012,791 
15007903 
15003, 2c 
14998,141 
14993;267 


14983,531 
14978,07C 
14973913 


IO1751917 
10.1750510 
10.1749104 
10. 1747699 
10. 1746295 


1494 
10.1744891 
Dig] 44h 


L Sec. 


14$08,G61 
149645113 
145597270 
149547431 
14949.590 


15052505422 


532,387 


14988,397| 


14944,765j_ © 
N, Sec. M 


5 59 
56 


1522725057 


50 
55 
33 


51 
50 
49 
48 
+7 
46 
45 
43 
43 
42 
41 
40 
39 
38 
7 
30 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 


= 


N. Tan, 
692,867 


| 


9.9391631 


$097,976 
$703,087 
8708 20 
$713,316 
87183435 
$723,550 


99394182 
9.93 96733 
949399254 
3-$401835 
9.9404 385 


8728, 080 
8733, 800 
8738,935 
8744, co 
1163749,201 
875475,338 


oO © ee 


9.940948 
99412036 
9.944585 
9.9417135 
9.949684 


5759478 
8764, 620 
$769,765 
877429 12 
17187 80,062 
$785,215 


9.94247 82 
9.9427331 
9.9429879 
9.94 32420 
9.9434970 
— 32524 


8790, 370 
8795,528 
$600,088 
8805,852 
$811,017 
248816,186 


9.944269 
9.9445 166 


9.945026 1 


9.94 52 807 


2516821,357(5 
$820,531 
831,707 
28,8836,886 
29:8842,068 
3988477253 


55455354 
9. 9457500 2 
9.94647 


9.9462993 
9.940553$ 


L. Tan. Dir. 


2.94009 36] 


9924222332 


9.944007 


9.468084 


3118852, 44009 
ph $857,630 
33/8862,822 
34| $268,017 
3518073,215 
3618878,415 


$925,341 


$935,799 
8941,032 
49|$940,268 
8951,506 
89 56,747 
$961,991 
£967,23L 
5410972,487 


378883, 6199.9. 
38 8888 „825 . 
39 88940; 219. 
40/8899;24419. 
$904,458 8 
289095675 10 
89 14,8949. 9501162 
1 


8930, 569 


9470630 


9.9478265 
9. N 102 


9.940 88 


99503705 
9.906248, 
99508791 
9.951334 


9.516419 
9.9518961 
9.521503 


9.94731751; 
9.94757 20% 


9.513870 


2545 


2545 


254 : 
2543 


2543 
2542 
2543 
2542 
2542 
2542 


9. 9524045 
9.9526587 
9.529128 


8977, 7 35 
$982,904 
988,251 
5 899 35512 


9.5531670 
9.953421] 
9.953675: 
9.9539293 


8998,775 | 
YC 04,040 


9.954183. 
9.954437. 


2540 


2542 
2541 
2542 
2541 
2541 
2541 
$541 


3 Dir 


Co-rangents 


2543] 


# 


——— 


48 De grees 


41 Degrees 


; Co- lines 1A 
N. Sec. L. Sec. |, — 15 
: Co-rangents BE ow Foe == 28285 [Dit 9877779 je 

Diff 1503,84 60 eee 1999 9.877% 75751187159 

2238911803. 59% 41325348210.1223 300 40999. 8775601 7545, 278058 

259 10.0603818]11496,92: _ 13250,837110.1224399 1100 9.8774 501 41,3687 

255 26 57111490, 70058 4328557 25499 2222. 5⁰ 

25 10.0003267 . 29157] 33260, 194010. 12 24911100 9+877340117539,45715 | 

351 10.6007 16 114 77 36 13263,554 10. 1226595 1101 9:07 1230017 537540155! 

2351 10.0598 165111470, 755 17 13260, 918ʃ10. 122770 102 $771198[7535:634|54 

2550/10 059561511469, 455 : 3270, 28410. 1228802 13. $33,721 53 

ies 11463, 215054 6115270, 1102.87 7c096 1533372115 | 
— 1. o59 3064 RR are pn 713273, 65 310.1229904 103.8768993 753 l, 805 52 

2550J08889551/11456,480%% 7 3270123 0 t104f6 276788517829 893021 

2550 4411449702524 | $113 75 232111 3-07 $o|5c 

[0.05879y04 1181 c[132$0,399[10.123 110409. 9786785 7527, 880ʃ5 
755/10. 0585415¼11443,04 . <[13283,776110.1233215 11055.87556807526, 00 509 
051 10.0582 865 * 143032015) fie 132677156 10.1234320 110505 376 2 75247145 40 
2549 10.05 80316 1142901549 11 13250,539110.1235426 G 9:27645 22,232 [47 
2549 0577767111422:905/48] [12[13250, | 6532]! 1©919.8763468|7522, +: j4 
Lal —. 5286 3113293,925/10.12.3 (1071,.876236117520,3 2 
25498. 05752181 1141 2 5 8017 5 13277, 314110. 1237039 1068761333 7518,398 (79! 
©249|10.0572 1414025627 * 13309,706/ lese $:8760145[7516,480 + 
54910037012 nd 65-4947 bar 16[13304;1c0/10.1239555 110.8759030 75156103 
191104056 7572]1 Ie / fig 35 f 4e. 125096 P. 2 Ses 
254840565024 362776102 EH $16|7510,721/4.1 
24” 10, 0502476;11382,761142 Tc113314,301 1012431941 inp 2790588 7508,8colgo 
254 28111376,086/4 1 17133 72 10. 1244294 1219-37357 Het” 879 390 

3 10.055979 1440 20 13317,707 . TT 2 9.8754594 750, i 

257/10. N 25 13321 119116:12.45400 L121) 85-24% 7504 257 39 

8 oy 2 11356085 38 22113324» 621 9.87 52309 6 

254100552286 35327992 19.124753 11113 875125607501, 41436 

81018457 39; 1139277 36 p 17135 10. eee 1327459,18 785 
113 257 * 8780 Pay" * 

— . . 25113334,779 iets 4 14 7 7497,262/ 34 
5 10.054404 11336,124/35 BY $203 10.1250973 1115-0745 1217445337! 33; 
2545 10.05421co 11329,479134] [6 45H 625/10. 1252008 TY ates 7253881432 

284718. 0539553 113224839133 a 13 10.125 3205 11166˙ 971 75 7471.48. 31 

2540 10.0537007j! 1716,203132] [28 8 101254321 1 7 489935730 : 

2.546 10.0534401 11399,57 i131] foo Se pts 10-1255439—4[2-27445 | 629.29 

2515 10.053191 113 O2 1944 30 30 229.5 4 1256557 116577373 7-879 5 

2546 11295,321 29 13 1113355,362/10- 075)! > [9-8742325!7485,701 | 
2 110. ELLA „ NAC ARS 3213358, 802J10.125767 1129.871205 1403977227, 

2545 10.020825 3419702 2.8 3 8 2.40 I O, 1259795 120 9˙ 87 Jco85 7481842 26 

© 545 10.524280 Fee 5 133657692 las e lach. top 16517479 9912.25 

*549|i0 0521735 11270,473126 A $369,141 10.1201035/1121ʃD0˙ 4 0 $ 74774984 2 

254518 19190 11269,872/25 35 132 * 10.122150 19.5 8737844 — 

—. 810.05 10045 11203, 2 6,4910. 1203278 1123/9 9.872 1 

544/10. 0514101 11250,674/2.3 5 3 50710. 1264401 112 iin 747224 84/21; 

2544 10.0511557 bon ate og 38 13382 068 10. 12655241124 ttt. 7470,51, 

2544 10.509013 11243, 493/K1 9 2 96,4 32010. 126664 8, 1125 4 * 17 7468,317 19; 

2544 10.506469 112 36,909 mY A 12280 god 10.1267773 11251" 5 7466, 3 82018 

2544 10.0503925 11230, 329 19 4175 3368 10. 1268898 mera 13 6 26117 

254.4 501381 11223,754118 4211559 1.32 58729976 1404449 6 
— J1 . O50 — Node | 6 841/10. 1270024, 8 28849 7462, 5 10 1 

25. 015.498838,/T121½, 1857 42 — 0,10. 2711510125 122 54727725 756887715 

2543 10. 496295112 10,616 16 de 127227811236 TY 6594 7458,636 14] 

52©5115.0453752 10 Mas 1 7555 270 10.127540 1285 4725438 7456,095/13 

2543 10.0491209 N 4 o . 1012745341125 28224537 857282 

2543 "6 88060 11199,94. 1 17172 81 1275663/—— 

10.04 5 2015 18 13414,240, 10. 1130 07 7452 821 41 
2.542 10.0486124 11184,391 1 + 2 9.87232 
—— [10.04% aries... fue. 810.1276793 1 0,881ʃ10 
e ; 
25.410.048 1039 Ne 75 72801012755 1122 53729814 1449.999; 8 
2517 10.047 8497/11164, 7660 9 * 3428427 10. 1280187 11327 3518635 745880 
754100475955 1158,235 NP mn 72.9110-12813191 12 209- EET 517443115! © 
2542 10.0473413'1 1 8 Ti 55 THe 410.1282452 113 e 
9g OY 0470972 11145,1921'6 — = 7 10.1283586 1135 9 8 4 
2542/0, 0468330/11138,662 5 + 14 40 10. 1284721 12 8 1 8 > 
25, [10.0465789]111 32,146 J frliztae rode a2 50:6 11345. 27577283 743,340 2 

[254 / 10.0403248[1112.5,035 be 58 142 9284 10. 1286992 1545. 7 I 7433.354301 

185 99707111927 Is 1 10. 1288128 1137 . 51/431440f © 

2541 dcardic 11112,624| 1 55 1 292 [ - 21073171. h 

1. 4: ,0.0455626/11106; — 7 - oc 1822327 Ji L. dine L N. Sine = 
7 i |} Coecants 


48 Degrees 


— 


42 D 


2 


SN. Sing L Bi. Cofecants | Ne Tan To Lan 
Feb 9.82.55109}—|10.1744891114944,765 9544374 
+ 8287913 10-174208714933.1 8 2199 14:58c19-9549455 
2169969 - * 314}, zeilto. 174068614930, 301 3019,8549.955 1995 
rn: 10.1739285/14925,488 | #19025,13119-9554535 
Meat ET er 28 14920,680 | 519030,411[9.955707s 
eos 2659226351200 [ro 173648912915 876 £19035,69319-9559615 
10.17. 14971076 759040, 9799.962154 | 
dest. 9260307} 554 fe. 175360 ec hc | 86046,267]9.9564654 
* 3 : 10.1732297 14901,485 99051, 557 9.9567233 
10557 12,8959. 10. 172950714 891, 2e 119062, 1479.957231 
11 1394 ,0.1728113)1 4887,142 129067, 446.9574850 
12 :D eee 13 289.9577389 
Fiel 10. 1726721014882, 36: 1319072,74 809.9 
135719, 361.8273279 10.172529 149078, 05 309.9579927 
14 72358680 10.1723937 15/083, 3609.95 82465 
18 10 1722547 1609088, 67 19.958 3004 
725,821 9-8277453 10.1921157 171909 3,984[9-5587 542 
Ez data feet 319701: 854.26; 18]p099, 300/9.959008c 
85730712 50%. — Tot7919>Sit\jafca 815 10010 ,619/9.9592618 
"Glo. 8a $161 10.1718381014853,817 9p 104 2 
l 78 os 10. 171699414849, 073 209 709,9409.9595155 
5 . 2 — 10.1715607[148443334 A wy 
. 1 | OS 900 
.1714222114 $39,509 2/9 120,592.99 | 
2 10.151483) 14837888 2 122. 
792 0 8288547 l 10.1711453/14830,142 | 8 9132550 9.9605 3055 
4 599 300 10.1710070[1482.5,42c 25þ136,590 9.9607 842 
516 745,17219.82 = 10. 170868 814820, 702 | 619141,929/9.96 10378 
2 22988 9.29265 10. 707306148 15,980 221477 3 5 
+ 14811,278 2819152,61519.961545 
28[5751,61219.829407 5] er by dei 7 2 2725,50 17988] 
291975375 wary 5535 1001903167114 801,872 3019163,31219.9620525 
S e 101701788 14797, 170 31 9168, 66 59.962 3061! 
| COR 5 147927483 329174, 20 . 
20700, I a | = 179»37919-90251 
110.1699034[14787,795 3319 | 
ee ee n 34184, 740 9.56306809 
6761795 18 1. . 35190, 1040. 963 3204 
Arete b org ata icgsgeg 427205 3619195-47 199655740 
768,760] 13730 ** 27 841.9638275 
— 2 — 8 61476908 37920, 84 1 
ae er. es 1854761 38/0206 219/9.9640811 
1 10.269791 4789,74 39192 17,890.9643346 
6775,18 I. 8 309209 f; : 9216,069!90.9645881 
8 15 32009. 83 1058037010. 168942014755, 095 * * 44935 8648416 
99 0,440 41 25 5 
e FS eee 429227734 .9650951 
47775 4885 feeds zz 14741,144 43/923 3,122/9.965 3486 
f 77 N 10. 1683944 14736, 302 449238, 5 12 w 
155407 "19+ 161 14731,864 45243, 9050. 
of Tr ee A ys, 4619249,301[9.966 1085 
4516790, 14319.83187 10.167984.5|14 722,600 47|92.549700|9.966362 3 
7 8 9.832151 (110.1678481[14717,975 48/9260, 10219.9666157 
At x" ad ah bed bt PET, nb es a 7 49 9265, 5069. 9668692 
117014713, 3541 49192.05,50019.5 
$919790,547 ot , ; n+ 440} 1 8 7 10 5070.9 14%. 9671225 
50 N e 101674391 14704123] gf 5119270,32419-96737 59 
Mo 10 2355009 110.167 300014699, 5140 8 $2/92.81,7389.9676293 
$219902,94019-$326970 10. 167166914694 10 |53/9287,15419.9678327 
54 ©7,2.09 1280 1668 146857713 F 55192.97,99619.9683E893 
Nd 00933 399-833 105 10.1667 5921468 1,120 4 5619303,42119.9686427] 
56 681146 | 1 10. 16662 34 3 579308, 499.9688960 
57J5813,399 9-83 33766 356 10. 1664875 * 583 14,280 9.969 1493 
8868 15,728 8335122 1 10. 1663522 1 59 9319,714 9.9694 026 
59 . — 17 10.166216 1 50932515 1. 9696 9 
222 Diff | Cotangents 
Tunes ffL. Sec. 1 | Cortany 


47 Degrees 


42 Degrees 
| "Torrangents TW. 12 Lig 
6 


* — | 
Co-ſmes | 
+871 0735 17431 * 


3456,32 710.1289265 — 


1110.045308311099,030(59 1113469,853]10.1290403 


1139 9-87995971742:9,502]55 
10-0450545]11093,140158 2113463,382110.1291 5421, , © 19-370845817427,554151 
110.04480043]11086,653|57 3113466,914110.1292681 1140 9. 87073197425, 60005 
10.044546 501 1080, 710560 434744910. 129382 114 9.8706 1797423658056 
110.0442925111073,693|55 13473-9871 1001294961], | 41 9.870503 | 
100449385 [1067219154] . 6113477452 10.1296102]——19-8703898 
10.0437846]11060,7 50083 13481,072]10.1297244], 10 9. 8702756 
10.0435 30611 1054, 284524 | 8$113484,615 10.1298387/1143 9.8701613 
10.043276 N11 1047, 82381 913488, 16 810.1299530 440 8700470 
10.430221 1041, 365/50 1013491, 72 ——— 1144 9. 8699326074 11,95 
110.042.7689 11034, 91249] [111}1349S,27 10130181 9.86981821741 49 
-2=210.0425 150111028, 463 48 12 13498,83 410.1302963 = 28892037 7408,046\4 
1 59 10.04 22611011022,01947 13502, 39 f 10. 1304109 by 869589174 
2 33 $]19-042007 11015,578146] 1413505. 965J10.13052 56%  -19-869474417404,137 
2.5301 10-0417535]11009,14 1145} [0511350953 10.1 306403 1148 9.8693597 | 
i2 53 8| 10-04 1499011 1002,709144) (6113513, 104 L0.1307SSIP IS 5.892449 07402 
2538 10.04 1245810996, 2810433 713516, 677 10.1 30869 9.869 130107 398.2683 


4009892 42 1813520, 2510.1 309848 11495. 
5 10.0407 38.0983, 430% 9. 8689002 
2538 10.0404 84511097 7,0201[40 
| 2530 307 10970, 609439 

53758399775 10964, 201038 


25 $10-03972.33[10957,797]37 10.13 15604], , 21198684396 
Tr 10,0394695]10951,397 36 13541,780]10.1341675 TEA neem 
[253 6119-0392 158 10945,002135 13545,379[19-1317p121, © 8682088 
253 7110.03 89622 10938, 6 10034 13548, 8010. 1319066 1135 

2537 10.03 87085010932, 223033 13552, 585/10. 13202111 56 86790779 
2536 10.038454 810925, 840032 13556, 1930101321377 1157 94867 8623 


j13559,803]10-1322534], 
39]13563,417110-1323691 TY 

[13567,03410.1324849], ,7,19-8675151 
13570, 654010. 1326008. 
13574, 277/10. 1327167 * | 
13577,993[10.1328327], ,c 19-8671673 
13581,532[10-1329488]. | - 19. 
110.036426010874,918]24] 13613585, 164|10.1330649]|—— 
[2 «2 6110.0361725]10308,571/23 1 3588,80c|10. 1334811 
1435 10.03 5918910862, 228022 38113592438 10.1332974 1163 


2537 10.0382012110919,460[31 
268328425 109 13, 085/30 


2536 10.03 76939 10906, 7 14 29 
2536(1,03 744030090, 3478 
2336 10.03 7186710893, 984027 
2335 10.0369331]1088 7,624j2.6 
2536 10.0366796]10881,269]2.5 


2535 10.0350654 10855,889 21 39 13 596,080 10.1:3341-37 1285 8665863 
2 10.03 54119] 10849455420] ff 599, 725/10. 13353010 165-8664699 
535 | | 1105 
2535110-0351584 10843,223j19] [41113603,372]10-1336 {1165 8663534 
Lies 51199349049 108358280180 [42113607,023/10.133763! 1166 8662369 
5 — — } — 


2534 10.003465 14/10830,8 7317 {43]1361c,677|10.13 38797 1167-861203 
253 10. 0343980 1082,56 [44413614,334/10.1339964], 168.8660036 
2534.341445 1081793915 45ʃ13617,995/10. 1341132 1168 9. 8658868 
25341.0338911 10811,6280144 46113621,658 10.1342 300,1 1 gg}9-8657700 
[2534 10.0336377110805,321[13 4711362 5,324|10.1343469|, 169 9-8650531 
835 10.0333843 10799018 12 48 13628,994 10.1344638 —— 19.8655362 
[2.5 3 3]10-0331308 10792,718/11 49, 13632,667|10.134.5808 1474198654192 
2534110-032877 5 10786,423|10} [5c[13636,3431109.1349979 11 7219-$653C21 7 
12534 10.032624 1010780, 132 5113640, 210. 1348151 117209 7331,367 
25 3410.032370 10773, 845 52J13643,704ʃ10. 1349323 11535-86506 77% 329.35 

2533100321173 10767, 581 53013647, 38910. 13 50496 1173 9.8649 5047 327,409 
id. oz 185410761, 282 54413551707 10. 1351669 1758.888331 132544254 
2534110.031610710755,006 55113954,77010.1352344], , 5519-864 715617 323,449 
2.533110-031357 3119748,7 34 13658,454/10-13540141, 1 ,,19-864 598117 321,467, 
25 33119-0311040 107 42,467 57 1 3662, 162]10.1355194 9-$644 80617 319,486; 3 
2.5331 10-0303507107 3603 $811 3665,86 310.1356371 1 2-49-864.3629]73 17,503] % 
2.5331 19-0305974[19729,943 5913669, 567010. 13575 1177 9864245273 15,521] i}. 


Z lo - vw + nl ooo 
V 


CR e 107237687 5011367 3,275110.1358725]—— 19-86412.75 33 13;53" 
Diff —— r . . - G 


"47 Degrees 


43 Degrees 


46 Degrees 


ine] L. dine Dis Co: ſecants HS WIN. Tan L. Tan. D# 
9:8337833] ——|10.1662167|14662,792150 ©1/325151]9-9696559 Tre 
9.8339188 aw 10.166081i2|14658,220159 15330, 59 19. 969909 beta 
08340541) 227 10.1659453[14653,652[5 2] 336,034[9-9701924[, 233 
9.3341894 1225 10. 165810614649, 08957 519 341.479.9704 15 2532 
9.834324 +44 10.1656754114644,529[56 4346,92 8.97 06689 53. 
9.3344597 4 10.1655403 14639,973 55 | 5 9352,3 80 9. 9709221 2533 
9. 8345948 1351 10. 165405214633, 422054 493577834 9.711755 Root 
0834729717 9[10.1652703/14630,875]55] | 79363,292Þ5.97 480% 
08348646]; * 10.165 13540(14626,33 1052 89 368,7530.9716818 2522 
9-8249994 34 10.165000G[14621,792[51 9 9374,21 9.6719350 2332 
5.835134 1(127J10. 1648655461757 50 1000 79,68 30.972182 2531 
9.832689 1347 10.164731214612,726049 1119385,15319-9724413 2532 
2 8354033 1345 10. 164596714608, 198048 129 390%6259. 9726945 25 
0. 5.83553 78 444 10. 1644622 14603,075147 1319396,10119.9729477 . 
9.8356722 344 10.1643278[14599,155[46 14\9401,579 9.973208 21 
2:33 58066}, 277110.1641934[14594,641]45 1 519407,061]9.9734539 2532 
1563851,839 9.83 59408 3410. 1640592014550, 130044 16\9412,54519-97 37071 454 
600 83607 5047 10. 1639250145 85,6233 17,9418,033 997 39602 2831 
18 85273. 9.8362091 10. 1637909ʃ14581, 120042 18 9423,52 319.9742 1 32/223] 
e364 1) 275110.1630399114.576,52 10% 199429,017[9.9744664|,23"| 
685 30,6477 1 37 110.163522</14572,127/40 20 9434351309.9747195{ 22, 
70ſt Tn 83661091 37 110.1633891[14567,630[39] [211$440,013[9.9749726/253 
21 68638125.3367447 133510.1632.553[14563,149\38 22/944 5,516]9.97 522.57 td 
N en ye 9.836878 133710. 163 121614358,666ʃ037 23 9451,02119.5754787 aha 
2 6870 575 0$370121[2237110.1629875114534418:136] 34 9456,53. 9757318) 53 
my - 8 9.837145 1335 10. 1628544 14349,712135 25 94625042 9. 9759849! * 
27 boo 2791], 33*110.1627209[14545,241134 26 946 7,5 569.9762379 785 
2666875, 101 £444 12 501334½10.162 58754540, 774033 27 9473, 7409. 9764909 30 
of . 4+ 58 135 10.1624542}14 536,311132 28 9478,59519.9767.440 35 | 
2816879,325 3 133210. 1623210 45317,852ʃ31 29 9484, 1190. 976997C 2535 
i 782 32 10.1621878 1452.7,397130 30 9489,64 9.977250 — 
3040 aeg — 3 
68888585 74535308. 162557 422 %%% 3194557677555 
3166885,655 424058210 33%10.1619217114518,498[2 32'95c0,70919.977756c|.- | 
32 $857,705 9-838: a 1329|10.1617888 14514,035ʃ2) 33 9506, 2450. 97800 
3306889, 8730 8583441 132910. 1616559ʃ14509,6 10026 34 9511,78410.9722620 8 
346891, 15• _ 325 132810. 161523 114505, 181023 35 9517,226 * pas 1 
205 . —— [327110.1613904[14500,74%[24 36195223 $7119. 9787679|22- 
= r 9. 8387422 Derr 10.1612578 14496,322z3 3752 8,4200 9. 9790209 544 
1 i 0719» $338747 3 I 10.1011253 14491,898 22 38,9533,971 9. 9792738 2530 
258 . 8390/201325, 10. 16099 8014487478021 399539, 209.9795268 820 
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203,079 
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205,419 
206,006 
206,594 
207,182 
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208,953 
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213,712 
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216,713 
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217, 920 


218,524 


d. 2887495 
8. 2900236 
8.291298 
8.292 5661 
8.2938346 
8.2951012 
8. 2963660 
8.29762 89 
8.298 8899 
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8. 3014064 
8.30266 19 


8. 3039156 
8.305 1675 
8.306475 
8. 3076657 
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18 


27 
28 


8.3 113996 
8.3 126406 
8.3138798 
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8.3 163529 
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8. 3200493 
8.32 12779 
8.3225047 
8.323728 
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15 
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17 
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21 
22 
23 
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30 
31 
32 
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35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
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46 


8. 3261748 
8.327397 5 


8.3 2 86 12 8.51 
8.2298292 52 


8.33 10439 
8.2322 569 


5.333482 
216,13 118.5340778 56 


8.3 358857 
8.33709 18 
8.3 382963 
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55 
57 


58 
LY 


4 


8 


W 2 INT uiN 


237,670 83759743 
238, 3018.377255 


- II Deg. OT: 
N. NV. ſine l. Ver ſine 


2 


*. 1 3 Deg. | 


— — 


14 Deg. Sh 


NV. ſinc 


5218,82 3.33949 01 
5219, 1298.340702 


| 220,342 $.3430975 
220,95018.3442930 
221,55818.3554880 
222,10 8/8. 3460808 


5222,77 808. 3478719 
223,3 898.3490614 
224, 00108. 3502492 
224,61318.3514354 
22.5,22718.3520200 
225,84118.3538029 


0256,294 19 


2256,954 
257,610 


25 8,266 


238,923 
259,581 
260,2. 40 


260, 900 
261,561 
262,222 
262,384 
263,547 
264,211 I 


2226,45618.3549842 
227,07248.3561639 
227,68918.3573419 
22$,307,8.3585184 
228,92 518.3596932 
. 8. 3608604 


0264,876 
265,541 
266,207 
266,875 
267,542 
268,211 


4087475“ 
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— 


837,742 


$.4093556 

3. 41096220 
8. 4120675 
84131713 
8.41427 36|] 300,572 
8.415374 301,280 


8.4164 7414030 1,989 
$.4175723]| 392,699 
8.418669 303,40! 
8.4197644]} 304,121 
9. 12085830 304,833 
8.4219 5080] 305,547 


8.4738472/ 
9.474742) 
$.4.7 59000 
8.47 692.46 


8.47 89701 
8.4799910 
8.4810107 
$.4820291 
8.4830464 
8.4 840625 
$.4850773 


3. 4779480 


0341,495 
342,249 
343,004 
343,760 
344,516 
345,274 


9— 24283 
8.533384 
8.5343423 
8.535 2992 
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8.5 372098 
8.538163 5 
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0346, 032 
346,791 
347,551 
348,311 
349,073 
349,835 


8.5391161 
85400077 
8.54 10182 
8.54 19670 
8.542916 
8.5438633 


8. 4230420 oz, 200 
84241318 306,975 
8.4 2522010 307,69! 


$.4273928 
$.4284.770 


309,125 
309,843 


$.4263072|| 308, 0% 


8 4+£00910 
5457 1034 
So 4891247 
8.4901330 
8.4911412 


350,598 
351,362 
352,127 
352,892 
353,059 
3542420 


| 


$.5448096] 


8.5457548 
8.5 466990 
0.547 0422 
8.5485 843 


8.549523 18 


5230, 164 8.3620381 
230, 78518. 3632081 
231,407.18. 3643765 
232,030 8. 3655434 
232,653 8.366 7086 
2333277183075723 


22.3 3, 902 8.3690344 
234528 8.3701950 
235,155'8.3713539 
235,702 8.3725114 
236,411,837 36672 
237,040, 8. 8.374821 


2.38,932,8-37 62751 
239,595;8-3794232 
240,198 8.3 805698 
240,832 8. 38171491} 


©0268,881 
269,551 
270,223 
270, 895 
271,568 
272,241 


272,916 


0276, 980 
277,66 1 
278,342 


279,706 
280, 390 


3. 4392447 


9.447785 


03105582 
311,281 
312,002 

312,723 
3137445 
314,168 


9. 7295599 
8.43064 14 
8.4317216 
8.432 8004. 
$.4339776 
8.43405 32 


8. 4721477 
84931530 
8.4941572 
8.495 1601 
8.495169 
84971625 


23551941 
3559903 
350,732 
3573503 
358,274 
359,046 


2.55940 54 


5.551404 4}: 
8.552342 3]2 


$.5532793 
$.55421.52 
$.5551500 


8.43602 80 
8.437 100 
8. 4381740 


83 14,892 
315,017! 
310,322 
317,069 
317,790 
318,524 

319,252 
319,982 
320,712 
321,443 
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8.441382 
8.4424488 
$.4435142 


4456410 
8. 4467024] 322,175 
8.447625 322,08 


8. 4981619 
3. 4991602 
8.5001573 
8.5011532 
8.502 1480 
9.503 1416 


* 359,819 


| 30C,593 
$61,367 


362,142]$. 


362,919 
363,095 


8.5 560839 
8.5570167 
8.5579435 
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8.5607 37% 


$.5041341 
35051254 
8.5:61150 
8.507 1046 
8.508092 5 
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0204,473 4 : 
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366,031 
366,811 
367,592. 
368,374 


8. 5616830 
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8.563 5181 
8.544429 
8.565 3666 
8.5602894 


| 


22.41 3467 8.382858. 
242,103; $.3840004 
242,740, 8.385 1409 
243,3 7718-3862 799 
244,015/8.3874174 
244,655! $.3885533 


245,294 8.389687 
245,935, 8. 3908207 
246, 57783919822 
247,219, 8.3930822 
2477862 8.3942 107 

246.506 8.393377 


0249, 15 108.3964632 
249,79718.3975873 
250,444 8. 3957098) 
251,09 108.3998310 

| 


251,739. 400950 
252, 38808. 4020688 
9253,03 808.4031855 
25 3,6898. 404 3008 


256,299 


2543408405414) 
254, 9928. 4065270 


288,657 


281,074 
281,700 
282,446 
283,133 
283,820 
284509 

0285, 198 
285,888 
286,579 
287,271 
287,964 


0289,351 
290, 047 
290,742 
291,439 
292,137 

292⸗835ʃ68.4 588233 

0293534 
294,234 
294,935 
295,637 


255,045 2 


296,339 
297,043 


$.44 8821311032 3,642 
8.44987 88|| 3244376 
8.45093 50 325,112 
8.45 198980] 325,848 
8.45 30434] 326,585 
8.440957 327,322 
8.4551467 
8.456 1964 
84572448 
8.4582920 
84593378 
8.4603 824 
8.46 1425703 32,5 10 
8.462467) 333-254 
8.463 50850] 333,999 
8.46454 80 334,745 
8.465586 3 335,492 
8.466623 30[ 336,239 
8.4676 590.03 36,988 
8.468693 50 337,737 
84697267] 338,487 
8.4707587J/J 339,238 


8.47 17894} 339999 
8.4728189 


| 


328, 800 
329,541 
3 30,282 
331,023 


| 
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328,06 108.51 59546 


331,766| 


8.5 100048 
8.5 110493 
8.5 120326 
8,5130148 
8.5139959 
8.5149758 


8.5169324 
8.5 179089 


507157 
36 5940, 
370,725, 
371,510 
372, 296 
373,082 

0373,870 
374658 
375,8 


8.5188844 
8.5198588 
8.5 208320 
8.5218042 
8.5227752 
8.523745 
8.5247140 
8.5256817 
8.5 266484 
8.5276139 
8.5285784 
8.52954 17 
8.5 30 5040 


340.242 


8.5324253 


8.314652 


3 76, 2 3 g 
377029 
377,820 
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8. 5681318 
3.56905 16 


8.567970 


8.5708881 
8.57 18049 
8.5727207 
8.573635 


32 


31 


8.5745494 
8.575 4622 
8.576374) 
$.5772.85c 


378,613 
379,406 
380,200 
380,995 
381790 
382,587 


8.578195c|. 
8.579103; 


8.5800119 
8.5 809 189 
8.5818250 
8.5627301 


383,384 
384 182 
384.981 
385,781 
386,582 
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$.5845374 
8.585436 
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0436 952[8.6404342]0489-435]8.6896949|10544,814/$.7 362485 
0437-80318.6412791110490,334[8.690492 1545, 7628.7 370030 
438,65518.6421231} 491, 2348.69 12886 546, 7 1008.7 377570 
439,088.42 9663 492, 13 508.6920844 547,6 598.7385 102 
440,361 8.6438087]| 493,03 708.6928794 548,609]8.739262.8 
441,21518.6446502]| 493,939]8-6936736]| 549,559|8-7400147 
442,97018.6454909}] 494,84 3]8-69446721| 550,51118.7407659| 
04. 42,92618.6463 3080495, 478.6952599 055 1, 4638.74 15 165 
443, 7828.647169 8 496, 6528.696020 552,4 168.7422664 
444,6 39ʃ8.648 0080 497.55 78. 69684 32 553.3708. 74 30156 
445,49818.6488454]] 498,464/$-6976338}] 854,32 508.7437642 
446, 578.6496 820 499, 37 108.6984236 555, 2808.7443121011 
4472216/8.588177/ 5798.992127 556,236]8.7452593/12 


0448, 0) 708.65 1352600501, 18808. 70000100557, 1938.746005 13 
448,93 808.6521867 502,098 8.7007 886 558,151 9 14 
449,80 108.65 30:00 503, oog 8. 7015755 559, 1108.747497 1015 
450,648.65 3 85240 503, 92008. 7023617 560, 698.7482417 16 
451,52718.654684 1]| 504, 83208. 70314710 561,029[8.7485857/17 
4822392 8.5858149 5822458239318 561, 99008. 7407 290.18 
0506, 659,8. 7047 1580562, 95208.) 50471619 
507, 5748. 7054990 563, 9158.75 1213620 
508, 4898.706281 564, 8788.75 19549 T1 
Sog, 4058. 7070633 565, 8438.7 5269 56 22 
510, 32208. 7078444 566,808[8.7534357|23 
$11,2408.7086247]] 567,773 08.754175 124 


0512,15818.7094044ſ[0568,740]8.7549138/25 
$13,07818.7101833]} 569;707]8.7556519126 
513.99 808.7 109615 570,676|8.7563894[27 
$14,919]8.7117390f} 571,64508.757 1262028 
515,84 108.7125157 572,614 8.7578623ʃ 29 
828382132918 573,585]8.7 585979130 
0517,68718.714067 100574, 5568.7 593327131 
$18,61118.7148418}] 575,52918.76c0670[32 
519,5 3608.7 156157 576, 50208. 760800633 
520, 4628.7 163889 577,475 87615336034 
521,3 8808.717161. 578,450 8.7622659135 
$22,31618.7179332]| 579,42.5[8.7629976|36 


0523, 2448.7 187044580, 402 8. 7637286437 
$24,173j8.7194748} 581,37918.7644591138 
525, 1038.720244 5 582,3 568.765 1889039 
526,03408.72 101 35] 583,33518.76591 80140 
$26,96518.7217818}} 584;314[$.7666466[41 
527,89718-7225492}} 585,29 5087673745042 
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1jo3$8,185|8.58903 
21 388,90881]8.589936s5 
3] 389,792[3.59083 30 
| 4] 390,5978.59172.86 
391, 402]8.5926233 
| EUR 
710393, 0168.59 44097 
N 393,82 3]$-5953016 
| 394,632]8.5961925 
c 395,44218.597 0824 
111] 396,2 528.5979715 
12 3976308.5988590 
30397, 87808. 5997468 
14 398, 68808. 60063 30 
15 399, 5018.60 15184 
16 400,3 168.6024028 
117] 40t, 13 108.6032863 
1'5]_491,947]8-604 1689 
| 1 910402,764|8.60505061[0453,257[8.6563449 
| {2of 403,58218.6059313!]} 454,124[8.6571741 
| 21] 404. 40008. 6068 112 454,99 108.65 8002 5 
[22] 405, 2198. 6076901 455, 859 8.6588 301 
2 406, o3 98.608568 1 456, 7278.659659 
24] 40,8608. 6094453 4.57597[$.6604829 


290407, 828.6 103215 0458, 4678.66 13081 
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26 408, 3048.6 111968 459, 33 808.6621324 
27] 409, 3288.6 1207 120 460,2 108.6629 560 
410, 1528.6 129448 461,08 308.6637788 
124 410,9778.6138174/ 461, 9568.66 46008 
411, 8038.614689 1 462, 8 3008.66 54220 
3 04 12,6298. 615560 46g, 70608. 6662 42 
32] 413, 4578.616429 464, 5828.667062 
33] 41428508. 172990 465,45 88.6678 808 
134] 415>11418.6181672} 466, 3 3618.66 86988 
135] 415,9448.6190345/ 467.2 1408.669160 
416,778.61 f 468,09318.6703324 
370417, 068.5207664 0468, 938.6711481 
418,43 808.6216311 469, 8548.67 1963 
39] 419, 27108.6224948 470, 608.6727771 
40] 420, 108.6233577 471,618]8.67 35904 
41] , 948.6242 197 472, 5008.674409 
142|_421,775}8.6250809]| 473,385[8.6752 147 


143P422,61118.6259412[ſ0.474,27c[8.676025610528,830/8.723316310586,276[8.7681018/43 
44 423,44818.6268006{] 475, 1 568.6768358 529,764/8.7240825 587, 2878.76 8828444 | 
5 42428618.62765911] 476,042[$.67764.53]| 530,699/8.7248480ff 588, 24008. 769554445 43106 
46} 425,125j8.6285 168 476,9298.6784535 531,6348.7256 129 589,22318.7702798|46 440 6 
47] 425,65ʃ8.62937360 477,8 778.6792618 532,570 8. 7263770 590,207 8.77 10046047 145} 6 
48] 426,805/8.6302295  478,706]8.6800689 _$33,507(8.727 1404] 591,192 87717288048 46 : 
49]427,64618.63 10846{0.479,59613.68087 53105 34,445 8.729032 00592, 1780877245239 +71 © 
50 428,48808.63 193880 480,486]8.6816809]} 535, 3848.728665; 593.165 . 50 45] 6. 
$51] 429,33 108.6327922] 481,37 71$.6824857]] 536,3231$.7294267 $94,1521]8.7738975|51 49j06, 
52 430,17518.6336447 4$2,26918.6832897  $37,264/8.7301874 595,14018.7746192/52 506 
53} 43 1,01918.6344964]} 483, 1208.68 409 30 538, 205 8.7 3094740 596, 12918775 3403 53 55 
884088383472 4840568.684 89560839, 146/8.7 317067 597,11918.7760607,54 52 
550432, 108.636 197 10484, 9508.68 56973 540,089 8.7 324654 0598, 109 08.7767 805 55 53, 
59 633+55718.63704621] 485,84618.68649841] 541,032/8.7332233]] 599, 1008.777497 56 54 6 
57 434-49518.6378945!| 486,742[8.68729861| 541,977 8.73 39806]| 600,09 308.7782183 57 53100 
59 -435$-25318.63874 19}} 487,63918.6880981]| 542,922 $.7347373]] 601,086 8.7789363 58 56 
59 436,102[8.6395884|| 488,5 368.6888969 543,868 8.73549 320 602, 5g 8.77965 37 55 57 


— 
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04.65 8. 78108660865 3508822977729, 252 C. 8628774 
2 605, 6 58.7 8 18022 666, 2828.82 36582 730, 34208. 863 3265 
3] 606, 0628.782517 667, 278.8243385 73 1,434ʃ8.864 1752 
14 607,060 8.7832314]] 668,37218.82 50182 732,52618.864$233 
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[16] 619,094/8-7917565]| 680,976[8. 8331318 745,69718.872.5623]} $13,237]8.9102 16916] 

17] 620, 10208. 7924630 682,03 108.833 8044 746,799 8.87 32040 L 814,3 868.9 10830317 
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24| 627,180[8.7973923]| 689,442}8. 8384970 754, 5408.877682 1 ane. 915111524 
250628, 1948.79 80941 690, 54d 39 1660 0755,649ʃ8.8783 19800823, 60918. 915721325 
260 629, 2108.798793 551 8006 8398337 756, 7588.878957 1 824,668. 9 163 306|26| 
27] 630, 22608. 799 496 692,63cj8.8405010}] 757, 8698.879939 825,92 308.9169 390½ 7 
28] 631, 2428. 800196 10 693, 6948.8 4 411677 758, 9808. 8802 303 l 827,08 18.9 175480028 
29 632, 26008. 3008986 694, 75908. 841833 760, 9208.880866 1 828, 2408.918156 1029 
30 633,278 $.8015945 695,82 418.8424996}} 761,20518.8815014 829,39 99;8-9187636 30 

3100634, 297 8. 802292800696, 89 108.843 16470762, 31808. 8827363 777540 9193708311 

32] 635,3 1708. 8029906 697, 958088438294 763, 43 308.8827707 5212 x: 9199775132 

33] 636, 33 808.8036877 699,026|8. 84449340] 764, 54808. 20349468 $3 82 8.9205837133] 
34 637,359]8-8043843]| 700,095]8.845 1570] 765,664/8.8840380 $34,045 8.9211895134] 

35| 638,382|8.8050803 701,165|8.8458200]} 766, 7808.588467 10 835,209 8.9217949135] 
36] 639,405[8.8057758]| 702,235|$.8464826]} 767,898/8.885 _ 836,373 8.9223999(36 
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37640, 429 1 .$064707|10703,306|8.8471445|[0769,0168.38593 54837538 8-9230043[37 
38] 641, 4538.80 1649 704,37 808.847 8060ſſ 770,13518.886 5069] 838,703[8.9236084[38 
39] 642,47918.8078587]| 705,4.5118-8484670}] 771,25518.887 1980} $39,870j8.9242 120139 
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9.5199403 
7.5202239 
9.205073 
9. 53207907 
9.5210739 
945213571 
9.5216401 
9.52 19230 
9.5222058 


9.5224885 


9.522771 
2.52 30530 
9.5233359 
9.5236182 
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9.5241823 
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9.5250278 
9.525 3094 
9.525590 
9.5258722 
9.5261535 
9.526434 


9.5267157 
9.5269966 
9.5272774 
9.52755d2 
9.5278388 
9.5281193 


9.5283997 
9.52 86799 
9.5289601 
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3395,614 
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3408, 729 
3410,917 
3413,105 


9.5300797 
9.5303 594 
9· 5306389 
9.5309183 
9.5311976 
9.531478 
9.5317559 
9.5320349 
95323137 
9.325925 
9.5328712 
95331497 


3415,294 
3417,4 34 
3419,574 
3421,865 
3424,056 
3426,248 
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3430,63 
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9.5339847 
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3439,41 
3441,05 
3443, 802 
3445,998 
3448,196 
3450,393 
3452,592 


3454791 
3456,90 
3459, 190 
[349 1,391 
3463,592 
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3467,996 
3470,199 
3472, 402 
3474, 606 
3476,811 
3479,016 
3481,222 
3483428 
3485,06 34 
3487,842 
3490,049 
3492,2.50 


3494,46 
3496,76 
3498, 886 
3501,097 
3503,30 
35082820 
3507,732 
$509,944 
3512,158 
3514,372 
3516,586 
3518,801 


3521016 
3523,23 
3525,44 
3527,666 
3529,884 
3532, 102 


35347321 
35 36,540 
3538,760 
3540,98! 
3543202 
3545423 


3547,645 
3549, 868 
3552,091 
353547315 
3556,39 
358,764 


9.5 350965 
9.5353742 
9.535651 
9.5359293 


9.5 362067 


9.364839 
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3560, 989 
3563,215 
3565,44 
| 3567,668 
3569,896 
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9-5364835 
9-5367611 
9.5370381 
95373151 
945375919 
9.537 8686 
945381452 
9.5384218 
9.5380982 
945339745 
945392507 
9.5395268 
9.5398027 
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9.56899 87 


35742353 
3576,582 
3578,811 
3581,042 
3583,272 
3585,504 


9.5531974 
945534681 
9.5537 388 
9.5540094 
9.5542798 
9.5545502 


3587,736 
3539,908 
3592,201 
3594,434 
3596,608 
359 8,903 


9.54007 86 
95403544 
9.5406301 
9.540905 
9.541181] 
9:5414564 
945417317 
9.542006 & 
9.5422818 
9.5425568 
9.5428316 
95431063 
9-5433809 
9.5430554 
9-5439296 
9. 544204 1 
9-5444783 
9-5447524 


3601,138 
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3610,084 
3612,322 
3614,560 
3516,799 
3619,039 
3621,279 
3623,519 
3625,760 


9.5548204 
9.5550906 
9.5553606 
9.5556306 
9.5559002 
9.5561701 


9.5564398 
9.557093 
9.556978) 
9.5572481 
9.5575173 
9.5577 864 
9.5580555 
9.5583244 
9.5585932 
9.588619 
9.5591305 
9.5593991 


3709,057 
3711,318 
3713,580 
3715,843 
3718,1Cc6 
3720, 369 


95692635 
9.695282 
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5697928 
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9.5705 861 


3722,634 
3724, 898 
3727, 163 
3729, 429 
3731,695 
37 33,962 


9.570850? 
9.5711144 
9 5713784 
9.5716423 
9.57 19062 
9.5721699}1- 


3736,229 
3738,497 
3740,765 
3743,034 
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9.573750 2U¹ᷣ 


3747,57 


9.5724335 
9.5 726970 
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3749,84 
3752,115 
3754, 3 86 
3736, 658 
3758,931 
37601,204 


9.575004 3 


9.5750133 
9.574276? 
9.5745 390 
9.574017 


9.5753209 


362 8,002 
3630,44 
3632,87 
3634,730 
3636,974 
3639,218 


9-5596675 
9.5599359 
9.56C2040 
9.5604721 
9.5007401 
9.5 10080 


3763,478 
3705,752 
3768,026 
3770, 302 
3772,577 
3774, 854 


9.5766382 


9.5755893 
9.5758517 
9.761139 
9.576376 


9.576901 


9.5450264 
9.545 3002 
9.545574 
9.5455 477 
9.5461212 
9. 5466681 
2:5469413 
95472145 
7. 5474875 
9.547704 
9:54%0333 
9.548 306 
9-5485780 
9.548881 
95491236 
9.549395 
9.549668 1 
65499402 
9.5 502122 
9.550484 1 


945507559 
9.55 10276 
9.55 — 
9.55 15706 
9.5518420 
95521133 
9.552384 


3572,124 


9.529265 
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3041,463 
364 3708 
3645,94 
3648, 200 
3650, 447 
3682825 
36545943 
3657, 192 
3659,44 
366,690 
3663,94 
eee 
3668,44 
3670, 694 
3672,947 
3673, 200 
3677,43 
3679,07 


9.5612759 
9.561436 
9.5618112 
9.5620787 
9.623461 
9.5626134 


3777130 
3779,408 
3781,686 


3786,243 
3788,522 


9.562 8806 
945631477 
9:5634147 
9.5636816 
9.5639484 
9.564215 


95644817 
9.5647482 
95650146 
9.5652 800 
9.565547 
9.5658132 


3790, 802 
3793,083 
(3795-364 
13797,045 


3799, 927 
3802, 210 


3783, 964 9.579470 
9. 57820851 


9. 5771620 
9.5774237 
9.577684 


9.5 784698 


945787311 
9.5789922 
9.5792534 
9.5795144 
945797753 
9.58C0361 


3804,493 
3 806,776 
3 $09,061 
3811,345) 
'3813,630 
:3615,916 


9.5802968 
9.5305574 
9.5808179 
9.581078} 
9.5813386 
9.5815988 


3681,961 
3684,216 
3686,472 
$088,728 
3690, 985 
693.242 


9. 5660792 
9.5663451 
9.5666 109 
9.5668 766 
95671423 
95674078 


3695, 500 
3697,758 
3700, 017 
3702, 276 
3704, 536 


3706, 796 


9.5676732 


9.5679385 
9.5682037 
9.5684688 


9.5687338 


3815,202 
3820, 4 89 
3822,76 
382 5,64 
3827,352 
3829,64! 


9.58185 89 
9.5 821190 
9.5 823789 
9.5 826387 
9.5 828985 
9.5831581 


3831,931 
3834,220 
3836,511 
2838,802 
3941,093 
384 3,385 


9.5834176 
9.5836771 
9.5339364 
9.5841957 
9.5 844549 
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| 52 Deg. |__53 Deg. | 54 Deg. || 55 Deg. 
J. V fine ſing L Ver ſine N. V ſine L. Ver. ſine N. V. tine}L. Ver. ſinc N. V. incl Ver.lune] * 
843.385.5847 1390398158 509.6000849 [K1227147 961512350 042300298412 
3845,07819- 5849729 3984, 17 309.6003 3824124, 50 1.61537 14/4266, 6 199.6300838 
3847,97 1.58523 183986, 497. 60059 140 126, 8559.6 156192 4209,00219-0303264 
3850 264 254-44 3988,82 119.6008446}[4129,210j9.6158665[|427 1,3 86]9-6305682 
3$52,55819-58574921|3991,14C|3.60109771[4131,56519-61611461|427 3,771]9-6308112 
3854.85 300.5 86007 83993, 472.6013 5064 133, 92009. 6 16 362 1][4276,156j3-63105335 
385714809. 5862663 39955798 9.601603 54 136,2 769.6160 427,541 119-0312957 


3859,44419-5855247|3998,12419.6018563|[4138,633[9-6168565 4280,27. 6315378 
3861, 7409. 58678 3004000, 45 119.602 1094140, 990.6 17 10424283, 3149.63 17799 
864,036.58 704 124002, 7 799.602 36164143, 3489.6173514 4285,70 1.6 320218 
103866, 3 349.5872993 4005, 107 9.602614 1] 4145,70619.6175985|/4288,088]9-0322637 
t113868,63119-587557 34007, 4359.602866 54 148, 0649.6 1784554290, 4769-632505 5011 
[1213 870,929]9-5878153J[4009,764[9.6031182[[4150,423]9-6180924[[4292,8649-0327472]12 


1313873,228 9.588077 4012,09 9.60337 1004 152,7 839.6183392 4295,253 9.6329 88873 
143 875,5279.5883 3080401442309. 60362 32041535, 1439.6 185 86004297,643P. 6332303114 
1503 877,827 9.588588 54016, 549.6038 75204 157, 039.6 18832604300, 0329633471715 
1603880, 127.5888460 4019,08 5.604 127204159, 8649. 6 199 302,423 9.633713 1016 
173882, 4289.5 891034021, 417%. 604379104162, 226.61 32500304, 813 9-63395430/17 
18 38847309 9.589308 4023,745 9. C046 3084164, 588096195720 2307, 059.6341955 18 
1913 887,03 109. +5896 181] 4026,081 9.6048 8254166, 9509.6 19818304309, 97634436019 
20 5889,334·5 898752 4028, 4 140.605 1341004 169,3 1309. 620064543 11, 9899.63 46776 
2113891,53719+459 01323 4030, 74 809.605 3856417 1,677.6203 10743 14, 381.6349 1851 
2203893, 9409. 5903893 403 3,829. 60563704 174, 41. 6205567 3 16,7753 1594½2 
233896, 244. 590646 104035, 4 16.605 888 30[4 176, 4059. 620802643 19, 1689.635400 103 
2.413 898.54 895909029 037,75 119.6061396||4178,770]9-6210485]432 1,56 3]9-03 504<8/24 
2900,85319.5911596 4040, 087.606 39074181, 1369.62 1294304323,957P 9.63588 1425 
3903, 1599.59 14162042, 42309. 60664 174 183, 5029.62 15400 4326,3 5219. 6361219126 
3995,45 519-59 16727 4044, 599.6068927 4185, 8689.621735 504328, 7489.636362 37 
3907,77119-5919291 [4047,09619.607 i388, 235½%.62203 110433 1,144]9- 6366026128 
39190,07819-5921854114049,434[9-607 39434190, 6039.622276 511433 3,541 9.6 368429 29 
391273 80.59 24417 1,772.07 6450f 192,970[9-622.52 1811433 5,93 809-8378300 
313913,69 409.5926978 4054, 111.6078956 f195,339 9622767004338, 3359637323131 
32 3917,00 9.592953 8 4056,59. 608 146104197, 089. 6230122340, 336375631032 
33/3919-31119@5932098|[4058,789]9.6083965]}4200,07719-6232.57 3|4343,13219-037 8030133 
34 3921,62 109.59345564C61, 1299.608646 84202, 4479.62 3502204345,53 119+ 6380428034 
25,392 3,93 1.59372 140,063, 709. 608897 11[4204,817]9.6237471114347,930,9-0332825135 
36 3920,24219-59397 704063, 811.6091472 4207, 1889.62 39919 43503309. 638522236 


13/ 392,553 9.59423261{4068,153[9.6093972114209,560[9.02.42 367 4352,73019.638761£1|37 
383930, 8649.594488 104070, 4959. 6096472042 11,93 119-6244813114355,13119-6390012[38 
3913933,1769.5947434 40/2, 8379.609897 10H42 14, 3049.624725 8043 57,5 33.039 240639 
4003935, 899.5949987 4075, 1819.6 10 14692 16,677. 62497030 359.934· 6394 
+113937,802[9.5952539{[4077,52419.6103565[4219,05 09.6252 1474362,337P· 63971921 
4213940,11619-5955090114079,868[9.610646 111422 1,424 9.6254589[14364,74019-0399583142 
42/3942,432}9.5957040[[4082,213\9.6108956|1[4223,798[9.0257031 43671420 6401974043 
443944,745%.5960 1894084, 89.6 11145104226, 17 30.62 59473 4369,547 64043644 
45039, 0g. 59627374086, 904%. 61139444228, 5489. 626191437 1,95 164007535 
463949,37 0.596528 54089, 2500.6 11643642 30, 9249. 6264 35204374, 355640 1414 
473951, 692%. 596783 10409 1, 5969.611892 80423 3,3009. 626079104376, 761.6411528 
4813954,00919-59703761[4093,943]9-612.14181142.3 5,67 79-6209225 [43792166 964139144 
493956, 3209.597292 104096, 29 109.6 123908042 38, 549.627 1665¼4381,572 9.641630 4G 
5013958,64419-59754641\14<98,63919.61263971[4240,4329-6274101]438$3,97919-0418685]5, 
5113950,962| 1.597 80071]4 100,988]9.61288851[42.42,810]9.62765306 4386, 3 869.642 100815; 
5203963, 281.5780549 ff 103, 337.6131372 245, 1899627 897C 4388, 794 9.642 3452152 
5303965, 60009. 598308904 105, 6869.613385 804247, 568.6281403 4391,2029.6 4258345310 
5413957,92c[1-598562914108,03619.6136343142 49,94719-6253830 [43932610 6.642821 5154 
553970, 2409. 5988 16804110, 8½9.61388274252,328 9.628020 7} '3396,019 9. 043059C]5 5: 
50/3972, 5610.59 90706[14112,738[9.6141311114254,700 9.6288698] 4398,428[9-6432975150 
5703574,885).599 32430 115, 0900). 6 14379304257, 899.629 1128] 4400,8389-6435354[57 
539% 20500. 597957794 117,44209.6 1462754259, 471.6293557 403,249). 6437732158 
5: [3979552712-599331414119579419- 44227 2 9.6295985|4405,660[3.644010% [55 
60398 1,85c]1.60098491]4122,147'2-6151235114264,230 9.62984 121 4408,071 9.644248 {904 
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9.64496 1c. 
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9.64543 58 
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14 4441,379 
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1'* 4446,717 
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9.662068314 


9.6622.996 


500. 9.662762 1 9947759 
30. 662993204750, 23409. 


219. 6632242 
9. 6634852 


9.66 36860 , 


9.6639168 


25971960 6625309474. 


| 


ne4L.Ver.fine 


$014852,1 13 
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719-673 5335148645587 


9.68 6857070 


566859309 
96861541 
96863772 
7. 6866002 
9. 6868231 
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9.804522. 6538, 829 
9. 804 654,559 
9.8048916 654, 88 
9. 8050762 65475019 


549779289. $127748!6001,' 31 9.52.36 ©2 


9.812.9565)| 
9.813 1389 


9.813502 / 
9. 8136840 
158 813804 
9 5140481 
9.8142248 
9.8144114| 
9.814593 
8147745 
9.8149 500 


9.811374 
98153187 
9.815500 
9.8156812 


660 7,410 9.823957 
9.8 133208066 50,15 


64,74 8237/7 


9.8241362 
(66 72 9021948243147 
6675, 1509. 8244932 
0072s 38978 
9081 139.8248501 
81.6683,877 9.8250284 
6686,62 
6659, 300 9.825384 
669 2,11½.8255631 
5694,50, 

6697 602.825 
6 /C0,347}9.826097 3 
6703,094 


Js 5158624 
98100432 


9. 805 T $549,748 
2.8054451]:5552,479 
9. 8056294 65555 209 
9. 805813, 6557, 240 
9.803998c|6560,67 11 
3.805182 iþ6562,403 
9. 806 360316566, 135 
9. 80655936568, 867 
H. 806734416571, Goc 
0. 806918306574, 332 
9.807102: 6577, 065 


9.816220 
9. 8164056 
981653866, 


8169483 
9.81 71291 
9.817308 
9.8174705 
9.817071¹ 
9.81785 16 
9.810322 


z* 81676736 


6/05, 8300.8 
6/05,58 778 
'$711;334!9.8268-28 
614,081] 4.2649 80C 
671,828 9.827042 
671975707. 8 27341, 

„22,324.,8 2751904 
67/25, 7200. 827097 

6727,82 1½%.827 8744 
6 730,57 9.82 80518 
0733,31 .98252292 
6730 . 8284005 
6733,88 1809.828583 

441,568. 828 7609 


9. 818212001 


474473 1.82 89381 


6820953 9.834229 


Cozy, 712 9.8344024 

$832,471 9. 8345778 
60 55, 2309. 634/552 
65 337909. 8349285 
6840,50 9.8 


6645 09.835454 40 


6849,031 9. 8350291 3 
7 $851,791 9.8358. 41 


6854,552 9. 8355 791 
6857,34 9. 830 1570 
6808075 9• 9.830 5289 


6802, 837 9.8305037 4 


6865,00 9.8306785 


6368, 362 9.830853 204 
22 0571, 125 9.83702, 8 4 


6873, 85 d 9. 83 72024 
68, 812. 8373770 
687; 24 1419» 837. 
682,1 010-93 77259 
C d 4, 4219+ 379003 


5687 706 9.8 3807405 


6890,471 9.838248 
6893, 2309.8 38.23 


90 99, n 


0858,70 N. 


8351037 
7 6843, 510 9.835278, 


53315 4 


6901, 5325. 
0904 ,249c 1.0Z 
690 7004 544 3 


i — 


60064 16,32 119. 8020 579,799 


65c9,83cÞ).93 


& #— 
1915902,441 
2016,65,212[9.8429%44\ 


128199872394 
2916990, 16809. 


| 


5 7042919 


2 


2 a 


eg. 


59153364 
G918,031 
5920, 898 
6923,66 
6926,34 
6929, 202 
693 1,970 
6934.7 39] 
99 37,508 
6949,277 

5943,047 


ws 659 . . 


„ 
> 


V. ſinelL.Ver.ſine 
an 
69 12,597|9-8396412 | 


9.8398150 
3399888 
9.8401625 
9.8403361 
9.8405097 


| "7 3 Deg. _ 
N. V. ſmne L Ver. er line 


7076, TE 


7079,065| 


7081,847 


,7084,629 
7087412 
7090, 195 
7c92,978 


9. 9.49802 


© _74 Deg. 


75 Deg. __ - 


N. V. line . Ver. line 11 V. ſinq L. Ver. er line ˖ 


2 9. 859956⁰ 


74118109. 8699243 


9.8499759 
9.8501465 
9.8503171 
9.8504877 
9.8506582 
9.85082.86 


7246, 42309. 8601237 
7249,15 


7260, 0b. 8609610 


7414,619 
1417,430 
7420,24c| 
7423,050 
74257861 
7428,672 


9.8602912 
72.52,016]9.8604588 
7254,8131[9.8606262 
/7257,61c[9.8607936 


9.8406832 
9 8408567, 
9.84103ol 
9.8412035 
= 8413768 
9. 8415501 


948,587 
15 9951,357 
16 $954,128 
1716956, $98] 
t $}59 $9,569 


2169 $07,984 
22 59 70,7500 


2469762301. 


13 5945,81719- 8417233 


9. 34200696 


9.827615 


6973,29 4 8434526 


5. 841 8965 


9.8422427 
9.842457 
9.842886 


9.843 1072 
8432799 


8436252 


2519979,07 4 
2610981,847 
2.746) $4,620 


3299 87791 
337001 260 
347004, O4! 
357006, 8 10 
367 09.592 


9. 8443152 


9.8437978 
9.8439703 
9.8441428 


98443322 
9:8450044 
9-8451706 
9.8453487 
9:8455207 
9.8456927 


37012, 368 
387015, 144 


397017, 921 
40 702,697 


427020, 251 

Dr 29 
447031, 8069 
57034,584 
4617037362 
7040,141 


3 8465520 


7095,76! 


7098,45 


101, 329 
7104, 113 
7106, 897 
719, 682 


7112,67 


7115,252 


71 I 8,037 
„120 $23 


7123, 609 
20.9805 


9. 85099290 
9.85 11693 
9.8513396 
9. 8515099 
9.85 1680 
9. 8518502 


7263, 2060. 8611283 
7266,03 9.86125 56 
7268, 8c 209. 881 462% 
727 1,6cc|5. 8618360 
12744395 [9+3617971 
7277,19819.8- 19642 


7431,483 


437,106 
7439,918 
7442,730 
1445542 


9.852020} 
9.8521903 
9.8523603 
9.8525 302 
9.8527001 
9.852699 


7129, 181 
71 31,908 
7134754 
7137,542 
7140,329 
7143,10 


7145,04 
7148,092 
7151,480 
7154,209 
7157,058 
7159,647 


9.8530 396 
9.8532094 
9.8533790 
9.8535486 
9.8537182 
9.8538877 


449.8540572 


9. 8542266 


9.8545653 
9.8547345 
9.854903 


7279,9979.=8 21312 


7448,35 
745 I, 5 68 
7453,981 
7456,794 
74 59,007 
7462742 


7282,7 969.8622981 
7285,90 9.852405 
7288, 395.8626319 
7291,19519.8627987 
7293,9961[9.8629655 


7434295 


9.870088; 
2 8702534 


9.8705824 
9.8707468 
9.8709112 


9.8710755 
98712398 


9.8715682 
946717323 
94871 9:8718963) 
9. 9.720604 
948722243 


9-8725521 
98727159 
9.728797 


9-85439591\17 2 


7296,79619.8631322 
7299,59719.8632929 
1302,39819.8634655 
7303, 1999.8636320 
7305, 000.8637985 
73 10,8029. 86396 50 


7465, 234 
746 8,048 
7470, 803 
7473077 
7476,492 
7479,300 


78730434 
9.873207 
98733707 
98735343 
9.8736978 


9. 8704179 


9. 8714040 


9.8723883 


S 1 [_ 


9.8738613 


7313,604\9.8541314 
7316,406[9.8:42978 
19,20819.87 44641 
7322,011 9-8 46303 
7324481 3/9.847966 


7482,12 1 
7484,937 
74873752 
7490,568 


7496,20 


7102636 
7165,425 
7168, 215 
7171,005 
11733795 
1176,585 


9.8550729 
9 8552420 
9.8554 110 
9.855580c 
9.8557490 
9.8559179 


9.8458647 
9.8460366 
9.840084 
9.8463 802 


9.8467237 
9.8468953 
9. 8470669 
9.872384 
9. 8474095 
9.8475813 


9.8477527 


4917045,096 
50 7048, 478 
517051257 
7054,37 
7056, 817 
5470597597 


9.8479 240 

9.84 80953 
9.8482665 
9.8484377 


19.84 86088 
9.8487799 


[179,370 
7182,167 


7184,958 


7187749 


7190, 541 
7193333 


7196, 125 
7198917 
7201,10 
7204, 503 
7207, 296 
210089 


9. 8560867 
9.8 562555 


98565929 
9.8567616 


98570987 
9.8572672 
9.85 7435607 
9.8576040 
9.8577723 
9.857 9406 


7212,882 
215,676 
7218, 470 
7221,264 
224,059 
7226,853 


7065,158| 
7067,939 
7070,720 
107 3,501 


{ 


55 7062, 3779. 8489509 


9.8491219 
9. 8492928 
9.84946 36 


60 , 283 


9.8496344 | 
9.8498052 


7229,648 
7232,444 
1235,239 
1238;035 
7240, 830 


7243, 626 


98564242 


9856903302 


1 


9.858 108973 80,9 159.868 1102 
9.85 827707383, 723.8682754 
9.858 44527386, 5 3 109.8684405 
9.8586 132007389, 33809. 8686056 
9. 858781307392, 14 79.568 7706 
9.85894 92117394 .9551}9-8689355 
9.8591172}7397,763]5.8691004 
9.859285 17400, 5 72. 8652653 
9859452917403, 381 
9. 85962067406, 1909. 8695949 
9. 85978847409, oog. 86975967577, 959 
3-859956cl17411,81019.869924.3 $7 580,781 


Ellen worn 


7330,41919.8651288 
733322 319.865294% 
73 306,027. 8654609 
7338, 8 3009. 8656269 
7341,6 349.8657928 
7344,43919-8659586 
7347,24319-8061244 
7350,048[9.8662902] 
7352,85319.8664559 
7355,65 809.8666216 
7358, 4649. 8667872 
73612709. 866952) 


73640759. 8671182 


17499,016 
15013833 
7504,650 
7507, 467 
7510,2 84 
7513,101 


7515,919 
7518,737 
7521,555 
75243373 
7527,191 
7530,010 


7493,384 


9.8740248 


9.743515 
98745147 
9. 8746780 
9.8748412 
9.875004 J 
9.8751674 
9.8753304 
9.8754934 
9.875653 
9.8758192 
98759821 


9 87601445 
9.876 3076 


9.8741881 


9.8764703 
9.8766329 
98767955 


7366,88219.8672837 

7369,68819.8674491 
737249419.8676145 
7375,30119.8677798 


7538,467 
7541,287 
7544106 


7378,108[9.86794 50117 546,926 


7549,746 
7552,567 
7555,387 
7558,208 
561,029 
7563,850 


75 32,8299. 8769581 


9.877 1206 
98772830 
9.87744 54 
9.8776078 
9.8777701 


98779324 
9.87 80946 
9.87 82567 
9.8784188 
9. 8785809 
98787429 
9.87 89049 
9. 8790668 


9.8694 301[7572, 3 159.8792280. 
7575, 1379.8793905ʃ8 


9.87 95522 
. 


98 
ol 


fC 


. —— OR 


i apr ng 
76 eg. I 77 De 
NV. ſine]L.Ver.ſine NV. line 


N. fine 


757178077255 
9. 8798756 753, 324%. 52837 9. 8989296809, 766 
9.38003 72756, 15 89. 926,5 409. 899085 5809 /, oz 
9.8801988 e 7929, 42009. 89924 1408 100 


9. 9080510 
9. 9082043 
9.908357 
9. 90851 
9. 9086637 
9. 9088167 
99089697] 


9.8803604117761,82819.8899640|[7932,26619.899 397 31[$103;333 
9.88052 18776456639. 890 12260935, 112 
| 019.88968331[7767,49919.8902812 


797,958 


———L(̃— a2—ĩỹ— w — 


39. 880844677, 334 
9.88 10060777, oo 
9.881167 oe. 
9.88 1328507778, 84 


{ 


4 
41 


Ly 


— 


307665, 846 


3617682,52 1 


+ 
4317702,334 
447705, 165 
457707, 996 
467710, 82809. 
47 7713,659 s 
Us 7716, 49109. 


— 


497719, 32309. 
5007722, 156 


527727, 8219. 
53 77550 . 
$4177 33-487 . 


5917747655 
60\7750,48 


9.8814897 
4 
7617, 49009. 88 18119 
7620, 3 16.9. 88 19730 
7623, 141.8821340 
7625,96 79.882294 

7628, 793.8824558 
763 1,6199. 8826 167 


7634, 445.8827775 
7637, 271 9. 8829382 
7640, 9 8. 88 30989 
7642, 92509. 88 32596 
7645, 752.88 34202 
7648,57919.88 35807 


7781,675 | 


7784,515 


7787, 35209. 
7790, 189 & 
7793,26 
7795, 8630. 


7798, 700 
7801,53 


7804, 376 
7807,14 
78 10,052 
7812, 890 
7815,29 
7818,68 


765 282837875 
7654, 2340.88 39017 
7657, 6209. 8840621 
7659, 89009. 8842225 
7662,71 8 9.8843828 
9.8845431 
9.884 7033 
9.8848635 
9.8850236 
9.8851837 
9.8853438 
9.88 5503 
9.8856637 
9.88582 36 
9.8859834 
9.8861432 
9. 886 3030 
9. 8864627 


— —ę—̃ — 


7668,375 
7671, 204 
7674033 
7676, 862 
7679, 691 


7685,351 
7688,181 


7693,841 
7696,672 
7699,503 


782 1,407 
7824,2.46 
7827,085 
7829,924 
78 32,764 
7 8 35 604 
7838,444 
7841,84 
7844, 124 


7846, 96 50. 
7849, 806 . 
7852,64719. 


9.892 1802 
0.892 3382 
9.8924961 
9.8926539 
9.8928117 
9.8929095 
9.8931272 
9.8932849 

8934425 
9. 8936000 
9.837576 
9.8939150 
9.894072 51 
9.8942299 
9 894.3872 
9.894 5445 


7972,127 


7974, 976 
797 7482.41 
7980,673 
7983,522 
7986,371 
79894221 


71992,070 
19944920 
1997770 
8000,620 


8003, 470 
800ů,321 
8009, 171 
80 12,022 
8014,873 
3017724 


8020, 575. 9042055 
$02 3,42.719-904-3599 


9.9007978 


9.9011085 
9.9012638 
9-901419gc 


9.90172.94 
9-9018845 
9.9020395 
9-902 1945 
9. 9023495 
9. 9025044 
9. 9026593 
9. 9028141 
9. 9029689 
9.903 1236 
9.9032783 
22834339 


9.901742 


9. 900642 308 126, 1879. 9098868 


9.900953 108 131,902 9-9101921114 


$134,760 
$137,018 
$140,476 
$143,334 
$146,192 
$149,051 
$151,909 


1e 


8160, 486 


8 157,627 


9103447 
9-9 104973 
19-9106498 
9.9 108022 


9.9109547 
9.9112593 
9.9115639 
99117161 


8163, 346 
8166, 205 
816906 5 
8171925 
8174, 785 
8177:645 


99118682 
9.9120203 
9. 91217237 
9.91 2324428 
9.512476 29 
9.9126282 3 


9. 9035876 
99037421 
9.903 8966 
9. 9040511 


8180, 505 
$183,365 
8186,226 
8189,08 

8191,948 
8194, 809 


9. 9127801030 
9129319032 
9913083733 
99132355034 
9.9133872ʃ⁰35 
9. 9135388036 


7855, 488 


7858, 329 . 


7861,171 
7864,012 


$026,278 
8029, 130 
8031, 982 


9.896442 


7866,85 


7869,69619.895958 


«8958011 8 


8040,63 


9.8866223 
9.88678 19 
9. 8869415 


7872,38 
7875,381 
7878, 223 
7881,66 


772498809. 


7736, 3209. 8885344 
9.8886935 
9.8888525 
9. 8890114 
9.8891703 


5.889329 1172088; 


7906, 659 


7909, 503 
7912, 348 
7915,193 
7918,038 


9.8961 148 
9.89627 16 
9. 8964283 
9. 8965850 


9046, 244 
$049,097 
8051,950 
$054,803 
$057,656 
3060, 5 10 
$063,364 
9. 8973677 [8066,18 
9. 89752418069 072 
9. 8976804 .][807 1,926 
9.897867 [8074.7 80 


9.904822 7 
80348 349. 9049769 
9.9051310 
9:9052851 


3043, 399.9054392 


9.9059011 
9. 9060549 


9.9045 142 
9.90466 8x5 


99055932 
9.905747 


$197,670 
8200,531 


$203,393 


$206,25419-9141450 
619-914296 
9914447 


$51 G40Þ9 145991 


8209, 11 
8211978 


821 7,702 
8220, 565 


$22 3,427 
$226,290 


9.9062087 


9.906362 5/]82 32,016 
9.9065 16 3082 34,875 
9. 90666998237, 742 
9.9066236 8240, 605 
9.90697 721182 43,469 
9.90713071182.46,333 


£229,153 


9 9136904 
9.9138420 
99139935 


9.914754 
99145016 
9.9150528 
9.915240 
28153551 
9.91 5.5062 
9.9156572 
9.91 58082 
99159591}; 
9.916110 
91 62609 


9.879930 77.635 
9.898 1492 8080,90 
9.898 30548083, 344 
9.89846 15 [8086, 199 
9.8986 1768089, 055 


9898773618091, 10 


9. 9072842 


$249,197 


3.90743 771182 52,06 1.9 1656245 
9.907591 11182 54,92519-916713 115 
9.909 74451182577 8:19-9168638}; 
9. 9078/7805260, 6549.9 170144554 
9. oo 1026 3,5 180.9121080 


916411755 


Qq 


— — 


= =o] un} 


\O cox | Din +> 9 


—_———__. 


30 Deg. 


——— — 


81 Deg. 


N. V. tine 


©[8263,518 


L. Ver. ſin | N.V. ſine 
9.9171650}[8435,655 


8266, 383 


8272,113 


8269, 248 


8274, 978 
8277, 844 
82 80,709 


8283,575 
$2 86,440 
8289,306 


9.917315508438,52.8 
9.9174660}844 1,402 
9.917616588444,275 
9.917 76691844 7,149 
9.9179172118450,022 
9.918067 58452,896 
9.9182178}84.55,770 


9.9183680J8458,644 
991851821846 1,518 


L. Ver. ſin N. V. ſine ſind 
9.9261188 $608,269 
9.9262667118611,150 
9.9264146118614,030 
9.92656241|18616,911 
$.9267101118619,792 
9.9268579118622,673 
9.927005 5[18625,555 
9.9271532118628,4.36 
9.927 30080863 1,31) 
9.927448 308634, 199 


82 Deg. 


_— 


| 


N. V. fi neſl. Ver. ine 


L. Ver. ſine 


9.935204 [878708 ip. 


9.935496 88792, 8569. 944130⁰ 
9.93564 198795, 744.9442726 
9.9382820ʃ87928632.9444151 


9.935932 108801, 51 


9-934915818781,307[9.9435591| 
9.93306 1108784, 194.9437019 


— . 


[ 


lo | ul 


— 


108292, 172 
3 8295,039 


m Seelen 


9.918668 38464, 393.9275958 $6 37,08119-9363670 8810, 184.9449850 
9.9 1881848467, 2679.927743 308639,9629. 936511988 13,072.9451273 
1208297, 0509-918968 58470, 14209. 927 8907 [8642,844 09.9366 567 [88 15, 96099. 94 52.696 
1318 300% 729.9191185 | $47 3,01619.92 803 $01864.5,72619.936801 50/8818, 849.9454119 
| 141$303,63819-91926841]8475,8911]9.92818541[8648,608}9.93694621[882.1,7 37]9-94.5554 . 
| 1518306, 5059.9 19418308478, 76609. 92833270865 1,4919. 93709098824, 626.9456903 
| „168309, 372.9195682 0848 1,6419. 92847998654, 37 309. 937235608827, 5 159.9458385 
| 1783122399197 1808484,5 16 9.928627 108657, 25609. 9373802 8830, 404 fp. 94-5986 
[18183 15,10619-9198678118487,39219.92877431|$660,13819.937 524811883 3,29319-9461226 
1908317, 974%. 92001758490, 267. 92892148663, 02 19. 93766948836, 182.9462646 
zo 320, 84 1.92016 728493, 143.9 2906848665, 904.9. 9378 13988 39,07 109.9464060. 
2108323, 0909. 9203 1698496, 199.9292 1558668, 7 879.9379583 J][8841, 9609. 94654801 
2208 326,577. 92046658498, 894.929 36248671, 670%. 938 102 71[8844,849]9-9466904 
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